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FOREWORD 

This  publication  ms  prepared  under  contract 
by  the  UNITED  STATES  JOINT  PUBLICATIONS  RE¬ 
SEARCH  SERVICE^  a  federal  government  organi¬ 
zation  established  to  service  the  translation 
and  research  needs  of  the  various  government 
departments . 


GSGj  1431-S 


(m’OLEAl  QWmtStCS) 


£  Following  is  the  translation  of  selected  articles  trm 
tee  -book  MSHJ&JSgSl&te.  <S«elear  Geophysics),  A®  p, 
Kalantarov,  Chief  Mitor;  Moscow,  State  Scientific  and  ■ 
technical  Publishing  House  of  the  Petrolera  and  Mineral- 
Fael  Industry,  X 959#  tee  authors  and  page  nunhers  of  the 
Individual  articles?  are- given  along  with,  their  titles  ' 
within  the  report,} 


TABLE  OF  CmTBBTS  '  ,  '•  ' 

.  the  Prevention  of  Water«Petw>l«n»  Contact  by  the  Method 
of  Educed  Activity  of  Sodium  i»  Condition®  Encountered 

■  in  Petroleum  Deposits  of  Aserbaydshan 

•  Potentialities  for  tee  tedeoed-Aetivity  Method  for  the 
Quantitative  Estimate  ef  Oil  alteration  and  Other 
Characteristics  of  Strata 

tee  Kffeettveaeas  of  Methods  of  Xaduoed  Activity  of 
Sodium.  md  Chlorine  in  tee  Separation  of  'Devlea  ' 
Sandstones  According  to  Oil  Content 

Method  of  Distinguishing  Between  Water  and  Oil 
Saturated. Strata  Based  on  tee  Application  of  a 
Pvlaod'  Beutron  Source 

A  lOOwKV  High-Toltage  Power  Supply  for  a'  Bore-Well 
H  outran  Generator 

A  Miniature  Sealed  Neutron  Tube 
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WTS  PERVSMYXOK  OF  VAFBR-PBriiOhBUH  COJUftCS  B¥  TKB  fcETBODt 
©F  lH33C££r  MOtlllTi  ©F  SOhlOl?  1M  COMBXT-KWg  BM€<>l*K¥fi&X£t 
IK  FETS0S.868  BIBOS  FKt  01? 

[Following  ie  th*  translation  of  cm  crtlelc  • 
hy  s  *M.  *JWI  i»  "Fairway*  .©»©**  «4ku?* 

(KttoXim •  ©opphysioft-)',  Seta«»»  £©§®#  ,3 emg-am  is©®** 

loh/]  .-....■ 


tb#  ccBdltioet  of  tb«  p»trei»t«a  i 

deposits.,  tko  prevention  of  wa.ter*»p*tr»lettV'4 eeatceet  in  - 

here  wells-  pesos-  serious  pp^bimm.  eoimeetod  with  th4 
specific  pcMll&rities  of  the -so  -  deposits  *'  the  low  ■ 

content  Of  the  stratified  watOT  *•• '  &ud  the  heterogeneity  and : 
high  ©lay  ee&te&t  of  water  pcofcets* 

®ue  to  the  indi  e&ted  ot. street or  ist i oo  ©f  tie  'AaerlaF* 
dshaw  pctreletiB  deposits*-  th*  aestrea  gawwarwethod  (®§s) 
does-  not  afford  a  weans.  fer  prereatiag  «e.ter»pe trlieea  ©on* 
taet  *  ■ 

At  tfhe  ease' ties*  undo?  the  conditions '  of '  the  upper 
region  of  the  tapped  lejrer  f  which  eeatslat .  strsti.fietl  water e 
of  &  salinity  ©a  the  order'  of  11®  Bo  (les^’e)  <XM  gram*/ 
liter?,  'th*  induced  sodlnw  aetivity  net hod  <ST1  —  nave** 
donnaye  cfctlvnos-t*  natriya)  has  «  stronger . effect  a&-  wator-* 
getroleaa:  eoatapfothna  the  HQK, and  gives-  positive  results*'; 

BereMveii  probes  fey  fho  Mk.  method  are  perfewted  in 
the  following  wanner*  Each  test  point  in'  Irradiated  fcy  ar  , 
(8-10)ld®  aeatrofie/eeeend  neutron  souree  'for  fire  hours  $ 
the'  aeasureaent  of  induoed  activity  is  then'  carried  out  for 
16  hours  » 

Fet relearn  content  estimates  according'  to '  indneod  aor 
tivity  taiues  are  wade  Id  **16  hours'  aft  or  the  ’  eeapietioa  of 
irradiation. 

Ifi  order4  to  reduce  the  tine  necessary-  for  here  tost**  • 


i 


ifis »  three  tMt  pol atB  »*?•  irradiated  siunltMiMSBliir  by 
means  of  ttoee  sources  of  ftppmliat oi y  equal  radioactivity. 
Measured  val uea  of  the  Induced  activity  a*1®  referred  t©  &. 
single  source  radioactivity  value* 

iii&  g ®et s—act ifity  is  measured  by  noses  of  tbs  stap*» 
radiometric  apparatus  with,  discharge  counters.  The  place' 
*aat  of  tIj®  assembly  probe  opposite  the  irradiated  point  is 
aceomiJlished  roughly  by  .japans -  of,  guide  gar-kings,  sad  then 
reined.  in  the  initial  measurement  ite  accordance  with  the 
maximum  measured  y -radiation. 

Testing  by  the  KA  of  sodium  aethod  has-  provided  a 
me<&ns  of  estimating  the  situation  as  regard®  water-petroleum 
contact  in  a  number  of  bore  wells*. 

For  example,  in  bore  ho  521  of  the  Ordshoniki dsteaeft * 
Fetroleu*  Industry  installation  CHeftepronyshlennaya  Psta- 
novfca)  which  has  ®  6W  lining  column,  the  lV*h  level  of  the. 
suraknan  suite  was  studied;  according  to  electrometric  mea- 
sure® eat*  carried  cut  in  It 33,  the  oil-bearing  strata  in  the 
bore  lay  in  the  Intervals  of  740-742,  744-747,  and  734-733 
wet era,  all  having  approximately  the  same  -porosity, 

the  study  consisted  of  irradiation  at  five  noints 
(738.5 ,  740,  742 ,  78®„  753.3) . 

A»  is  evident  from  the  induced  radioactivity  curves, 
(see  Figure) ,  obtained . from  the  13-hour  measuring  period,' 
the  lowest  induced  activity  corresponds  to  the  upper' portion 
of  the  topmost  layer  (740  meters);  the  middle  portion 'of  the 
upper  layer  exhibited  greater  i nduoed  radioactivity.  The  other 
points  are  characterised  fey  maximum  induced  radioactivity 
values .  * 

Tii®  effect  determined  fey  the  ratio  of'  the  difference 
b*tw«®n  the  maximum  mm  minimum  values  to  the  minimum  in¬ 
duced  rad inactivity  values  amounts  to  300%  in  the  given  bore 
hole. 

Fima ,  from  the  results  of  the  measurements  it  i@ 
possible  to  conclude  that  only  the  upper  portion  of  the  tos¬ 
ses  t  layer  is  oil-bearing. 

This  wss@  confirmed  fey  bore  perforations. 

As  was  indicated  above,  the  field  of  application  for 
the  NA  method  under  the  conditions  of  the  Apsheronakiv  Pen- 
nsula  is  limited  to  several  levels  of  the  upper  strata. 

TM®  makes  for  additional  difficulties  in  testing;  this  is 
connect eo  with  the  fact  that  most  of  the  bore  well®  tapping 
th®  indicated  strata  have  large  C8-10'6)  casing  tube  diameters. 


Zh&  Results  of  Industrial  Geophysics!  Studies  pt  Bore-Well j 
Ho  521  of  the  ©*d«Jj»nl84dss*»  Oil  Fields.  | 

'&  ~  ftepth  t  in  »•  torn  *  •’  i 

8  *  Ohm-metcr-mlllimeter^  (volume.  resistivity  units).  .  j 
C  m  Millivolts « ■  •  '•  • 

s 

B' I*s<8tf$©d  Ha.  radtioect ivlty «  •  j 

1-*  Calibration  .resistivity  lag*  (Sonde  -  Ko  ©8J2&).  .  j 

2  -  s+p.  (seif-Potent i &1 >  log,  j 

8  »  HOM  log,  | 

- ... ,.„ — — . — ■ - — , — - r-  ri — n  ; 

) 

la  such  oases  ,  lipid  is_  pumped  out :  of  tie  Iere/hel4 
is  order,  td  increase  the  of  foot ,  and  tfeo  testing  is  done  in 
the  empty  bore*.'  When  the  removal  of  liquid  fren  t|»e  bore  Is 
impossible,  the  latter  is  replaced  by  water  of  lower  salinity 
then  that  ©enuring  below  the  petroleum  level,  such  as  sea.  ! 
'water.  Such  measures  serve  to  improve  logging  me curacy*  1 

It  is  necessary  to  note  that  the  effects  Obtained  in 
strata  studies  usually  do  tic t  exceed  ?0ij.  this  fact  lessens 
the  rellsblllity  ©#  coneluei ons  based  on  such  studies, 

The  weak  effects  »ay.  be  theoretically  explained  by 
the  prevailing-  geological  conditions ,  such  as  the  great  j  ' 
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qug  Qtitiee  of  water  found  in  strata  which  have  been  under¬ 
go*  »g  exploitation  tor  several  decades.  The  reasons  for  the 
week  effects  cannot  be  explained  solely  by  geological,  con¬ 
ditions,  however,  sine©  it  is  a®  yet  unclear  what  role  is 
pie  yes  in  the  production  of  the  effect,  by  ether  factors 
gu<  h  as  bore  diameter,  thickness  iff  the  cement  layer  surround¬ 
ing  the  column,  position  of  the  neutron  source  and  radiometric 
apparatus  with  respect ' tc  the  bore  walls,  the  cement  salt  con- 
tor  t , -et c, 

*©*  this  reason,  the'  investigation,  of  the  above- 
»er  tioned  problems  &u  one  of  the  'basic  tasks  whose  solution 
del  ermines  the  correct  interpretation  of  test  result®  obtain¬ 
ed  by  the  HA-  of  sodium. method  under  the  renditions  of  .low 
mir  oral  content  for  waters  occurring  under  the  petroleum 
lay  or. 


PfcTEHX '4 i'i:  3  SS  FOH  TEE  INDUCES  ACTIVITY  3JAYK&1*  SOU  THE 
($UASTSTy&JVE  ESTIMATE  OF  ©Xfc-  8ATUR~i'-'’‘I©N  AND  CT3BS 
CEaRACTBSIS  TIC8  01  STRATA 

"•U'S-B'S**'- 

[i'®U»»iB.g  is  tb«  tsaaslttJtoa  of  «m  ariiolo 
■  %iy  g^A,  Kssanov  An  “fiioa&yr'C^afialltoi?' 

•  clear  Gte-epifeysi4.es>,  Koareow,.'  1650,  P*8«»  l0*"  .  • 

EOS.] 


-Developments  i»  at»el#«f  physi ©s  a**  pmiillBg 
gists  «ith‘  newer  aafl  newer  methods  of  . ia'vteti^atiftg  boro 
»«!!  profiler  and  rock  layer  s  am  pi  fee .  '©no  of  th®  n«*  radio- 
activity  Mti»ds  is  th#  radiation  analysis'  of  rodk  samples 
(th®  'induced  activity  method i  #'  which  a®  «•  result  of  work 
(ten*  at  th®  Petrology  lasts  tut*  »f  the  USSR  Academy  Of  Soi** 
enoes  and  th®  •p*ei*I“pwi«'St  team#  of  th®  Tatnef tsgeofimik 
trust®  aor'-voli  as®  other  entorprises  is  already  being  em¬ 
ployed  i»  th®  petroleum  'industry  for  the  ©lass if i cot ion  of 
various  rook  »tm*taris»  aeo^dlag  to  vat  or  and  petroleum 
content'  (1, S>» 

Th®  UB«  ®f£  this  method  for  th®  solution  of  this  par- 
ticular  problem  is  based  on  determining  the  radiation  from 
tfe®  Na^4  formed  out  of  Ha*3  by  neutron  bombardment#  la  the 
water-bearing  sandstones  of  the  eastern  regions,  th®  Ha  eon- 
teat  reaches .  X%  of  the  rook  weight »  but  -is  S-10  times,  smaller 
In  the  petroleum-bearing  strata,  for  this  reason,  the  water¬ 
hearing  layers  are  oharaoterimod'  by  heightened  activation  in¬ 
tensities  as  compared  with  the  pet r ol eum«bear i ng  strata* 

Tiimr®  can  he  no  doubt  than  in  the  future  this  method 
will  be  eves  sore  widely  used  In  th®  petroleum  industry,  as 
*?q11  as  in  mining  geology  especially  both  for-  Qualitative 
aatf  Quantitative  detorwiisat 3. am  of  th©  eontent  of  a  spool fio 
element  in  rook  samples . 


la  this  connection 


would  he  of  ©os®  interest  t© 


discuss  th©  future-  prospects  for  the  application  of  in¬ 
duced  radioactivity  (8&  --  n&vsdennaya  aktlvnost*)  t©  ih® 
study  ©f  the  ohraissl  composition  ef  rocks  aad  the  -quanti¬ 
tative  determination  of  useful  mineral  contents  in  rocks , 
first  and  foremost  to  determinations  ©f  the  petroleua-con- 
tent  eoef f icients  In  cased  bore  veils. 

"thm  . dcte'rain&t ion  of  the  petroleum-content  coeffi¬ 
cient  fcK  with  the  aid  of  the  KA method  1©  den©  indirectly. 

It  invoi-vos  measuring  the  Ha  Cent  fat  in  the  stratum  pores  j 
then,  knowing  the  Had  coaeest ration' in  the  real dual  water , 
it  is  po@sito.ta  to  determine  the  quantity  of  water  per  unit 
volume  in  the  reek  structure,  and  then  knowing  the  porosity 
©f  the  stratum,  ene  determines,  the  coefficient  Of  water 
content  and  the  coefficient  of  petroleum  content  kg  *  1  -  k^. 

The  intensity  of  radiation,  emanating . from  the  Ha** 

CJ^a>  depend®  not  only  <m  the  Ha  content  in  the  stratum  por¬ 
es  ,  bet  ale©  on  &  nuahor  of  other  factors-^  of  which  the  maj¬ 
or  ones  are  the  following!  a)  strength  of  the.  neutron  source ; 
b)  sensitivity  of  measuring  apparatus ;  c)  diameters  of  bore , 
casing  column,  and1  apparatus  housing!  d)  presence  of  Na  in 
the  structure  of  the  r ©ok  formation  and  eeme'nt  surrounding  the 
casing  column. 

The  first  two  of  these  factors  c&n  be  compensated 
for  toy  proper  equipment  calibration,  and  the  third  on©  mss y 
fee  accounted  for  by  sotting  up  the  function  -  fC€g&) 

for  each  specific  bore  structure  and  hemming'  diameter. 

It  is  more  difficult  to  account  for  the. effect  pro¬ 
duced  by  the  Ha.  in  the  rock  -  structure  and  cement  lining. 
Because  of  this ,  the  first  attempts  at  a  quantitative  deter¬ 
mination  ‘of  &u  by  the  HA  method  by  special -project-  team  mem¬ 
ber  from  Tatnefte'geofisika: ■ Ye.8*  Blanker  (1),  and  also  at 'the 
Petrology  Institute# were  based  on  the  assumption  that  Ha** 
was  found  only  in  the  stratum  water f  it  was  also  assumed  that  * 
the  stratum  porosity,  mineral  content  in  the  stratum  water,' 
end  eccentricity  of  the  column  were  the  same  far  both  the 
water-hearing,  and.  petroleum-bearing  intervals.  This'  made'  it 
possible  to  disregard  the  affects  of  all  other  factor©,  and 
to  us®  the  method  of  interpretation  according  t©  relative 
parameters, 

la  doing  this ,  Ye.B.  Blankov  employed  the  formula  Cl) 
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where  C%a>K  and  CJf|a>v  are  the' Na24  radiation  intensities 
in  the  patroleun^adr'ing'  and  w&tcr-boaring '  intervals , •  ‘row- 
pwctlvelys  and  4^  ^  are  the  '•  coefficients  compensating  for 

the  differing  densities'  e#  'thermal. non irons  in  the  petroleum 
and  water-bearing  intervals  which  are  exhibited  as  a  result 
of  their  'different  chlorine  content . 

For  the  value  of  Blntoke’v  .*»•?*  the  ratio 

of  AS**4;  Radiation  -istesities  ,  as  Induced  in  tfce  .stratum  and 
the  ceme-at  lining^  .or  the  M»86  radiation  intensities  as  .in¬ 
duced  it?  the  -casing  column  measured . against  the  waterr  and 
petrol sum -bear! ag  intervale • 

In  our  determination  of  k^,  we  took  for  our  Y p/fp 

value  the . ratio  of . thermal  neutron  mean-lives • in  the  petro¬ 


leum-  ’and  weier-boaring  (Ty>  strata.,  -i#®^ « 

Vv.'ti.-V*'*  +i"V‘"«*-«>v 


v  N i^i  ?  *  ^  n  ^  ^  ® c  1 v  c  i  ^  u 


-.where  <fc.  is  the  Hie.roso.opic  ofoi?i8^®oilon  of  neutron 

absorption  by'  the  rook  structure;  is  the  ■  am  as  the  ' 

above  for  the  petroleum  at  a.,  given  porosity}  i® 

again  the.  microscopic  cross  -section  of  nfttitren  absorption-  • 
for  Cl  at  a  given  mineral  content  in  the  stratum  water  and. 

••a  .given  water  content'  coefficient* 

•  The  values  of  k^..  for  several  boreholes  •  determined  ’ 
by  thi  a  .technique  differed  by  •  X.#&~X*  0  times  from  those  ob¬ 
tained  by  the  resistivity  method, 

As  was  indicated  above . '  in  determining  R*,  fay  .the 

method  described  above,  it  was  assumed  that  is  ’  Induc¬ 

ed  only  in  the  stratum  water*  However,  this  supposition 
cannot  be  deemed  suff  loientS  y  .  acceptable,  since  the*  layer 
and  the  commit  especially  both  contain  a  definite  amount  of 
Ha  which  cannot  be  ignored*  For  example,  according  to  data 
found  in  one  of  the  references  (S  >/ .Portland  cement  contains 
from  Og.  3'  to  X*  $1  Nag  6  4  'Kg©  by 'weight#  It  ia  obvious  that 
such  a  eo-nsl  durable  amount 'of  Ha  and  K  [see  Kotej  in  the 
adjacent  medium  will  have  a  large  effect  on  the  measurements 
in  view  of  the  low-  penetrability  of  the  J¥A  technique*  [Notes 
’Radiation  from  the  K.4$  isotope,  which  has  a  half -life  of 
1 2*5  hours  t  is  very  difficult  to  distinguish  from  Ha^4  radi¬ 
ation  by  the  methods  ;usedj] 


order  to  study  this  ofloot }  as  experiment  was 
carried  out  on  a  20%  porosity  sand  lay  aft  containing  200 
■  gras®  N&C1  par  -1  liter  of  gore  liquid*  The  bar©  ia  ih© 

»adal  layer  had  a  diameter-  of  SO  centimeters  (Hi*)  etwf 
was  eased  with  &•  @*?  eaiuis®  and  ca'ffi©yit  iiningeTli©  asgamfolsd 
fora  was  irradiated  fro®  a.  2*10^  noGtron/seogsl  nontroa 
source  for  15  hours.  After  the  completion  of  irradiations  ! 
measurements  were  taken  of...  the  time-dependent ’ decline  in  • 
radioactivity  in  the  entire  modal  along  with  the' column 
a®<*  cement  lining:,  as  well  as.  in  the  cement  lining  and  eol- 
oaa  separately* 

Th&  derived  dependence  relationship®  between  radial 
lion  intensity  and  tine  {see  Figure)  represent  the  composite 
ef  *»®**»*aff  Wtltity  of  M*®  (Ti  *  2*8 ..minutes), 

Cl**  ’  Cl’|  **  3»,5  minutes ) ,  Cta*®®  (*i  «  8,5  minutes) ,  and  atla* 
ly  Me-®  (fj  *  2,®  hour®)  which  is  activated  in  the  coin.® a, 
as  wall  as  Ka24  <Tj  »  15,1.  hours)* 

Th®  separation  of  the  curves  to  determine  the  inten¬ 
sity  of  radiation  for  -  individual  isotopes  shows.,  that  the  ; 
radiation  from -Ha®4  in  the  oerneat  lining  makes  up-  about  8(81 
of  the  total  t?a84 ,  1,0. ,  the  reek  formation  yields  only 
about.  40%  of  the  measured  Ha24  radiation. 

Ivan  in  the  ©ass  of  earnests  containing  2-3 'times 
lass  Ra  than  that  used  in  the  .present  experiment ,  the  per-: 
eentage  of  Ha84  radiation  from  the  eement  lining  of  the 
given  structure  <dboro  «  U£*\  dMni  a  «")  will  constitute 
•  30-45%  of . the  measured  Oadiltion-  from  the  Ha*4,,  and  the ’ 
of foots  at  the  water-petroleum  eontaet  will  not  exceed  150- 
250%. 

It  is  perfectly  clear  that  such  ©,.  strong  and  diver¬ 
sified  effect  (with  various  types  #f  cement)  of  the  neigh¬ 
boring  none  must  create  considerable  difficulties  in  deter¬ 
mining  the  petroleum  content  coefficient.' 

There  are  two  conceivable  methods  of  eliminating 
the  effect  of  Ha  contained  in  the  cement 2 

i>  The  addition  to  the  cement  of  a  Material  with  & 
high  thermal  neutron  absorption  cross -sect! on  which  would 
absorb  the  major  portion  of  the  neutrons'  in  the  region  of  • 
the  cement  lining,  -  thus'  reducing  Ha.  activation  in  the  com- 
ent,  Tais,  however*  gives  rise  to  a  number  of  complications  $ 
a)  She  material  must  be  cheap,  and  its  addition  should 
cot  affect  changes  i«  the  current  methods  of  lining  the  bore 
with  cement j '  ' 

fe)  The  presence  of  a.  hi gh-abs or pt i on  'material  in  the 

8- 
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bore  and  •  column .  tflcmctcfar-*  Ihtf,  of  oou  r®  c  t  -&  ontoiX®  con-  1, 
•idorcbl®  error® ,  ©specially  if  ife®  intoneity  ©f  tha  a®*.**  | 
cured  e odium  radiation  omcnatingr  fro*  th®  stratus  is  small! 
©©spared  to  that  of. th©  ©e»«nt  radiation.  I 

la  addition  to  this ,  sueh  a  compensation  tor  th®  Hsf 
content  in  cement  is  only  possible  is  those  cases  where  the 
Ha  content  is  equal  when  measured  against  the  oavity  and  ! 
the  stratus  formation  in  whi©h._w®  are  interested*  .The,;ra«c 
suits-  of  certain  studies  h&v©  cast  doubt  ©a  whether  this  is 

t 

the  ease*  :  ' 

Back  in  1055,  on  the  basis  of  a  comparison  of  th# 
effects  at  water^potrolMua  contacts.  obtained  in  bore  wall©1 
and  models'  constructed  at  the  Petrology  Institute  (S),  a 
hypothesis  waa  regarding  tha  possibility  of  c»:it 

Utkins  salination  la  area 0  adjacent  to  wat'er-beariag  strata© 
This  may  also  account  for  the  high  effects  observed  la  mea¬ 
surements  taken  at  water ^petroleum  contact  levels  by,  the  tt&- 
methed  (effects  of  up  to  500-700%}*  T hose  values  are  aignf^ 
fle&ntly  in  excess  of  ^tho  limit  indicated  'above  ( 150-350%  1 
and  obtained  on  the  premia©  of  equality  botwoon  the  cement 
radiation  at  both  the  water**  and  petroleum-bearing  inter¬ 
vale  ,  Such  pronounced  effects  may  partially  fee  explained 
by.  the  eccentric  positioning  of  the  column*  The  possibility 
cannot  be  overlooked ,  however,  that  another  cause  for  this, 
phenomenon  lies  in  the  sodium  enrichment  of  the  eemeisi  lislfr 
ing  in  th®  area  adjacent  to  the  water— bearing  layer® 

Unf ertunately *■  no  direct  studies  have  as  yet  been 
carried,  out  mi  the  bores  to  investigate  the  presence,  deg-* 
roe  and  mechanism  of  thin  phenomenon®  If  is  important  to 
study  It *  loftWj'  in  order  to  mala  a  quantitative  inter-  - 
-pret&tlon  not  only  of  the  ' N&'  methods  but  the  H6M  (neutron-* 
gamma  method)  and  MMM  (neutron-neutron ’method)  according  to 
thermal  neutron®-  a®  well* 

If  the  hypothesis  relating  to  the  . salination  of  the  . 
eemen t  lining  .should  fail  to  be  confirmed,  then  it  will  fee 
possible  to  employ  the  KA  method  with  a  low— energy  neutron 
souroe  (Sh  f  Be*  for  example)*  This  lower®  the  penetrability 
of  the  method,  and  the  results  will  depend  largely  on  the 
Ha  content  in  the  erae&t*  The  measurements  'which  result  from 
the  HA  method  when  Pe  4-  Be  an®  Sb  4  Be  sources  are  used  wild, 
depend  differently  cri  the  Ha  content  in  the  cement*  Making 
combined  use  of  these  two  measurements ,  if  may  be  .patiiilt 
to  determine  two  unknown  quantities  —  the  Ha  contents- ,.4n. 
the  stratum  ‘and  cement  *  it  1$  perfectly  obvious  that  due  to 


m«asu.reKi#Kst  errors,  the  on ploy® cut  of  such  a  procedure  will 
be  possible  only  in  those  cases  where  the  effect  of  sodium 
in  the  stratum  on  the  seaeureserte  Using  Po  '+  -Be  sources 
constitutes  aot  less  than  several'  tenths  of  the  total  regis¬ 
tration  cf  radiation  Intensity, 

Thus,  the  problem ' ef  determining  Na  in  the  stratum 
uadt-r  the  conditions  of  a.  cased  bbre*hole  by  the  RA  method 
exit,, Ms.  ,i*zv$&x.x  Able  difficulties  due  bC  the  offset  of  the 
sodium  v  r,  ocsent  lining.  The  study  of  tills  problem  will 
require  a  nutufeer  of.  complex  tests 1  On  bore-holme ,  including 
the  selection  of  aaanp3.es  from  the  cement  lining  surrounding 
.the- casing  tube}  but  the'  above-mentioned  problem  is  of  such 
importance,  however,  -  that  the  completion'  of  these'  experiment- 
al  tests’?  ?•* .*  in  our.-  opinion,  absolutely  nececeary  to  finding 
oy;  us  wu  near . -future  the  extent  .of  the.  'theoretical'  possi¬ 
bilities  of  using-  the  •  existing  SA'  t.eohniques  for  its  solu¬ 
tion, 

-  in  addition  to  testing  the  existing  HA  techniques 
using:  Po  +  B®  source® s  it  will  h-B  ned^'sary  in  the  future 
to  inquire  into  the  po&sibi XI t left  of  employing  powerful' 
high-energy  neutron  -sou.ro es  f  such  as  neutron  generators  * 

will  ai  a  in  raising:  the  penctcabJLX  ity  of  the  NA  method 
as  we  1 1  as  o t ‘he r  /i  on t r oa  to o h n  1  q u a a  « 

^ampi^tel-y  .di  f forent  is  ths'  si  tu&tieh  as  -regards 
those  mining  bo re -ho les  where  there '  is  no  '  casing  and  other 
factors  which  --complicate  the  procedure  *  such  as '  the  .  ©fleets 
of  Na  in  the  cement  on  measurements  of  the  petroleum  " con¬ 
tent  w  For  this  mspa,  it-  ia  possible  in  -Sueh  cases  to  make 
a  fairly  precis©  determination  of  the  content  of  a  number  of 
elements?  * '  The  method  of  induced-  radioactivity  could  be  used 
successfully  for  dk  termlnlng  -the  percentage  content  In  the 
rook  sample  of  such  el  omenta  haw  fug  a  ‘high  'activation  "cross— 
section  as  Mn*  V,  Al  *  Cu,  Au,  Agt  ©to,  The  solution  to  this 
problem  permits  the  use  of  the  same  apparatus  as  1b  employed 
In  other  radioactive  bore-hoi e  gt-iiy  methods «  In  an  undertak¬ 
ing  of  this  &%rt-  it  is .  necessary  to  establish  through  the  ‘ 

of  models  the  dependency  of  the  measured  •radiation  inten¬ 
sify  for  the  given  Isotope  on  Its  percentage  content  in  the 
rc-a.it  sample*  -its  density*  and  molstupe  content  for  bore-holes 
oi  various  diameters*  Finally  *  •  it  is  necessary  to  note  that 
in  de i#erE: mlnfj  the  content  of  elements  with,  very  high  active-— 
tlon  cross— sections *  it  is  possible  to  obtain  hot  only  |&oint— 
by-point  •measurements*'  hr;t  alao  a  cent Irani  curve  registra¬ 
tion*- 


Th&  induced  radios  .vtivity ’method  has  *vi»*y''proBpke%  ’ 
of  earning  into  wide  use  for  the  study  of  the  chemical  com-! 
position  of  reek  s-truotures  In  bore -boles  -and  especially  in 
sample  f«i.  The  work  done  -at  th®  'Petrology  I  no  ti  tut®  has  i 
shown  that  •  th®  us®  of  peionl ua»be|rf  11  iua  sources  having  a  • 
poser  of  8“10  Curies  of  polonium  makes.  it  possible  to  deter— 
®tne  the  vanadium  content  In  .sanples  having  as  little  as  > 
of  this  elcsest  ,  and  jslod  tie-  isdhta  content  in '’•ensiles 
#icls  4;9taSffi-6»ea  cr  em'«  is’). 

In  sedimentary  rooks ,  . eoasi derabl e  interest ' is  posed 
by  the  determination  of  aluminum .content ,  sine®  this  permits 
aa  estimate  to  be  'made  of '  one  of  the  Important  Character  is'— 
ties  of  th©  subs  tones  —  it®  clay  cost  ©at*  M*®  has  a  rather 
.Large  activation  cross-sooti on,  and  the  determination  of  tike 
aluminum  content  in  reck, . samples  presents  -no  difficulty  in 
view  of  the  usual  concentrations  of  this  element*  The  deter¬ 


mination  of  the  aluminum  content  under  bore-hole  conditions, 
however,  requires  that  certain  complicating  factors  be  taken 
into  account ,  such  as  the  presence . of  aluminum  is  the  clayey 
solution  and  ?i»y  crust  adjacent  to  th©  permeable  rock  strue* 


tares s 
etc* 


th©  presence  ef  cavities  against  seise  ef 


•ro- 


®P  until  recently,  the  possibilities  for  using  the 
KA  tsethod  in  studying  the  chemical  compos  it  ion  ef  rocks  -  hard 
h&€iM  limited  fey  th©  low  power  of  the  Ps?  4  Be  sources  and  the 
concomitant  impossibility  ef  significantly  activating  isotop- 
wi  wi  •  smaller-  activation  cross-sections «  At  the  present 
tisg®,  powerful  neutron  sources  (neutron  generators  and  multi¬ 
plier®  >  for  bore-hole  measurements  as*©  in  the  process  of  be- 
iag  designed,  while  nuclear  reactors’'  are  already  available' 
for  the  activation  ef  rook  sample*  by  means  of-’  strong  heut- 
rass.  beams*  The  -  us©  of  such  powerful  neutron’  sources '  and 
high  resol vlng-powcr  spectrometers,  will  make  it  possible 
. t©  separate  cat  the y-radiation  of  ■isotopes  having  small 
activation  cross -sect ions •  In  studying  samples ,  furthermore. 
It  is  possible  t©  register  both  the  Y-  and  ^-radiation*  All 
thi>-  will  make  it  possible  to  make  rapid  mm  sufficiently” 
thorough  studies  of  the  chemical  composition  ef  reeks. 
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[Following  Is  the  translation  of  m&  article 
fey  T',K,  Blankovs;-  is  KVml&zf-ns,ym  Geef'lal k«** 
(Huelear  Geopfcysios),  Kosaov,  1$S9,  gag©® 
110-120  ,]j 


The  -  experimental-methodological  teas  Of  the  Tatnef- 
togeof  isrika.  has  Bees  corking  since  1855  on '-^improving  the  :, 
induced  activity  of  sodium  (8A  M&  —  navedennaya  aktivnost 
•'Em)  method,  .  suggested  in  1954  by  the  ESSE  Academy  of  Scion 
««»  feet relogy  Institute  for  the  olsssif leafless  ©f  rook 
structure®  according,  to  vat  or-  and  petroleum  contest  ..(E), 

ft  luce  1957  f  the  tea®  has-  been  directing  its  efforts 
toward  the  development  of  an  induced  activity  method  for 
chlorine  (HA  Cl),  to.  be  used  for  the  saw©  purpose,  but  re¬ 
quiring  much  smaller  time  expenditures'  than  the.  KA  ef  so¬ 
dium  method. 

Over  tit®  period  that  this  work  has  been  going  on, 
the  HAr  Ha  method  was  employed  in  studying  38  bore-holes 
CIS  of  which,  were  perforated).  The  HA  Cl  .method  'has  bees' 
used  on  1.8  bores  (with  a  total  of  168  KA-  logs  'taken). 

An  important  result  of  the  efforts  to  develop  and 
perfect  the  KA  Ha  and  Cl  methods  was  their  introduction 
into  industry  in  1858  (largely  at  the  B'avlinsfcly  fields  of 
the  Tatar  Republic). 

Tim  integration  of  the  KA'  Ka  and  Cl  methods,  into 
actual  use  was  greatly  assisted  by  the  compilation  end 
transmission  to  the  Tatneftegoofimik  trust  enterprises  of 
instructions  on  the  application  of  the  techniques . ' which 
included  direction#  on  obtaining,  processing,  and  inter¬ 
preting  KA'  data ,  as  well  a®  us?  making  cost  estimates  for 


14 


water-petroleum  contact  (VNK  —  vode-heftyanoy  kontakt ) 
teste  by  the  Rfc  N&  and  Cl  methods  ,-- 

Of  great  importance  in  the  effort  to  introduce  HA' 

Ka  end  Cl  methods  into  industry  was  the  creation  within 
•the  framework  of  the  Bugul  *a3nskaya  Industrial-  and  Geophy¬ 
sical  expedition  of  ope© i &1 i aed  radiometric  team  assigned 

to  conduct  studies  on  VMK  by .  the  HQK  Cneytromnyy  gaiama-kat- 
•deyy  —  neutron  gamma-beta)  and" Hfc;  methods t  an-  important 
role  was  also  played  by  the  maintenance  of  continuous -con¬ 
tact  with  the.  geological  service. of  the  Bavlyneft *  NPU 
tNef te-S'Sr.emyahl ©nnaya-  Ustanovfca  —  Petroleum  Industry  Faci¬ 
lity).,  * 

Positive  .results  with  the  ’HA-  Ka  and  Cl  techniques 
were  obtained  'as  early  a®  the  first  year  of  industrial  use 
at  the  Baviinskiy  fields. 

Ail  the  work  performed  by  these  methods  at  the  Bat-  ■ 
linslsty  fields  gave  consistent  results'  as  to  the  character 
of  the  liquid  content  in  the  sandstone  formations  at  the 
intervals  studied}  these  were  used  by  .the  field  workers 
.for  ^ud.3  cteusly  choosing  the.  perforation  interval*  This 
was  of  especially  great  Importance  in  working  with  •  perfo¬ 
rated  bore-hol e» *  where  the  problem  of  determining  the  loca¬ 
tion  of . the  water-petroleum  contact  level  cannot ,  in  many 
cases,  .be  joj wed  by'  other  means-* 

•  'A',  generalisation  of  the"  considerable  body,  of  material 
obtained  in  the  industrial  application  of  the  KA.  Ka  and  Cl 
methods  made  possible  the  further  improvement  of  techniques, 
and  also  allowed  the  establishment  of  more  precis©  criteria 
as  to  the  water-  and  petroleum-bearing  state  of  the  sandstone 
formations  according  to  HA  W'.a  and- Cl  tests,  as  well- as  to 
determine  the  effectiveness-  of  'those  methods  as  a  .tool  in 
classifying  Devonian . sandstones  according  to  water  and  pet¬ 
roleum  content* 


Tctolaxsicmee 


tm  a  result  of  an  analysis  of  the  materials  obtain¬ 
ed  from  bore-hole  studies  by  the  KA  Na  and  CJ  methods,  it 
is  now  possible  to  present  water  and  petroleum  content  cri¬ 
teria  for  sandstone  -formations  according  to  HA  data*  It 
would  seem  that  the  most  appropriate  criterion ' is  the  mag¬ 
nitude  ci  absolute  intensity  values  for  the  )f -radiation 
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fro*  the  Ha  and  -  Cl  obtained  by  reducing  the  BA  curves  into 
thoir  component  and  values  (s*«  the  art! ole  by  Ye* 
B*  Blankov  in  the  present  collection)* 

k&  experience  has  shown,  however,  these*  values  are  : 
net  sufficiently  maintained  in  repeated  bore-hole  measure— 
Bents »  due  to  the  difficulty  of  creating  absolutely  identi¬ 
cal  conditions' for  each  Bedsit  resent  j  methods  for  'calibre—  • 
ting .  the  Hi'  'apparatus ,  furthermore*.  have  not  as  yet  been  •  ! 
developed*  * 

As  a  result  of  this,  1’t-  was  decided  that  the  cri¬ 
terion  for  water . and  petroleum  content  in  the  rock  forma¬ 
tion  should  he  Quantity 


which  gives  the  proportion  of  the  indioator«sl «ae»t  (Ha  »# 
Ci)  radiation  in  the  total  radiation  recorded  in  the  HA- 
measurements  j[ee«  Mot®  #5$  * [Hot®  #1*  Jf  K  ,  are  ' 


the  radiation  intensities  corrected  for  infinite  irradiation 
tlmef*  [Hete  #2t  we  neglect '  the  Ai®®;  radiation  which  is  in 


evidence  only  during  the  -  first  minutes  of  m© as u remeat*  In  , 

addition  to  this,  in  determining  A .  it  is  possible  to  neg* 
«*  r  *a  ' 

loot  the  Cl*  radiation,  a, ad  in'' drt&fer&inlng 

the  Ha®^  radiation  Cthis  is  permitted  in 


to  neglect 


Cl 8 

g  with  the 


practical  problem  of  locating  the  VRK  level j§* 

Tli©  choice  of  a  relative  .Quantity  to  serve  ms  a  cri¬ 
terion  permits  the  circumvention  of  HA  data  .calibration  and 
partially  eliminates  various  factors  involved  in  obtaining 
these  data*  •  . 


BUS 


Taking  into  account 

=  0*1B>, 


value  of 


sn 


the  fact  that 
it  is  possible  to  take 


(»axi- 


’■aMftwerwestO 

^©8s 


Tfilg1  was  the  actual  criterion  used  in  interpreting' 
MA  Cl  data* 

establishing  the  .variation  interval'- of  A  •  -  and 

V  Mm- 

f?  C3C  *®*  and  petrel  sum-bearing  sandstones,'  ~ 


la 


as  wH  as  'sandstone  in  the  intermediate  abaft,  the  values 
for  and  ^  CX  °bbai»ed  for  points  opposite  the  strata  be¬ 

ing  studied  were  compared  with  the  strata  logs  obtained  by 
the  electrical  resistivity  technique. 


Figure  1,  Resolving  Power  of  the  NA  Ma  Method  in  Classify—- 
ing  Formations  Ac cording  to  Water  and  Petroleum  Content 

A  »  Unperforated  bore-holes, 

B  *=  Perforated  bore-holee , 

1  -  Petroleum-bearing'  sandstone. 

%  ~~  Intermediate  seen®* 

3  -  Water-bearing  sandstone , 


For  purposes  of  analysis,  materials  used  included 
data  both  on  perforated  and  unperf orated  bore-holes.  In 
bore-holes  where  the  situation  as  regards  water— petroleum 
contact  changed  in  comparison  with  data  obtained  by  the  re¬ 
sistivity  method,  only  those  strata  whose  logs  were  undoubt¬ 
edly  correct  were  taken  into  account. 

The  tests  were  performed  only  on  those  bore-holes 
for  which  a  sufficient  length  of  time  had  elapsed  since  the 
pouring  of  the  cement  lining,  due  to  the  fact  that  the 
values  for  |  and  %  turn  out  to  be  inordinately  low 


in  freshly-bored  shafts  because  of  the  penetration  of  bor¬ 
ing  fluid  filtrate  into  the  adjacent  strata* 

and  An  were  ob~ 


All  of  the  analysed  values  for  ^ 


Ka 


ts.ine'jS  by  ttX  parttood-ixo*  ’-,fc*  4  standa?.-.!  WOO***  '*»p»»-«t«*. 
with  MS>9  counters  »•  '  . 

Figures  X  and  2  show  the  distribution  of  Devonian 
sandstones  with  different  saturation  fluid  according  to 

the  ^  $*CX  Cthe  n  on  .the.  graphs  stand®  for  the 

nu»feer  of  points  get  which  corresponding  •  d-readlngs'  war©  ob¬ 
tained  „  * 

Data  from  28.  feor ©—holes  ware  used  ia  esnstruoting 
Figure  1}  it  turned  out  to  fee  possible  is  this  ease  to  give 
the  distributions  for  bot'h  perforated  and  unperforated 
bores*  Figure  2  was  obnstruoted  ©a  the  basis  of  s©asur®»ents 
fro®  a  total  of  XI  perforated  and ^unperf orated  bore-holes 
included  in  the  general  distribution. 


Figure  2,  Resolving  Fewer  of  the  HAr  61  Method  in  Classify¬ 
ing  Formations  Uncording  to  Water  and  Petroleum  Content 

1  *  Petrol ena*tbe«r lag  sandstone ,  ;  . 

2  a  Intermediate  stone*  ’• 

S  »  Water-bearing  sandstone, ' 

An  exanihatlon  of  Figures  1  and  2  indicates  the  fol¬ 
lowing  limits  to  the  variation  ©£  and  j^gj.  values  for 


sandR'toBes  with  di?f«rJag  'f3«id-  content  (miawal  'content  of 
8t?&tUR  waters  »  266*"SC9  g^ano/lltAr)  j  ■'.-•- 


fort ion  of 
indicator*" 
element  radia¬ 
tion  ta  total' 
radiation  reg'li 
ter ©a  by  HA 
method 


?  Ha 
Cl 


i  **  "*  ***”**■" 

W®t  W&lWUM'” 

JL  *4 

1  n t  e  T%*  &  d  i  at  e 

'JJhS^aA  -mi  .- 

Water- 

.  bearing 

mono  and 

bearing 

j  sandstones 

water  .contain- 

sandstones 

\ 

ittfg 

* 

J 

1  1 
•wmv-iMpa'W*, : 

■■ 

i  f  { 

[  '0-0*24 

i 

0,25-0,40  j 

0, 35-0,45 

!  .,0-0,03 


l  0*04-0 *  11 


!  0,06-0.12 


The  limits  for  indicated '  aboy*  arfe  the  same  far 

both -the  perforated  and  uaperf orated  bore-holes,  Th©  most 
probable  value  for  ^ ^  in  petroleum— bearing  sandstones  is 

somewhat  higher  for  perforated  bore-boles  <PL  =0  IS) 

.  = «a  prob,  w*  7 

than  for  the  unperf crated  ones  'p^ob.  ^  ^ *  This  can 

very  probably  ha  explained  by  the  penetration  .of  salt  water 

into  the  -petrol  edm-bearing  stratum  la  the  -perforation  inter¬ 
val. 

For  water-bearing'  sandstones,  the  limits'  of  varia¬ 
tion  have  boon  established  -only  for  the  unperf orated 

boro-holes ,  since  in .perforated- bores  HA  Ha  measurements 
were,  as  a  ruio,  not  carried  out  against  known  water-bearing 
strata. 

It  is  necessary  to  not®,  however#  that  insofar  as  the 
water-bearing  portion  of  a-  layer  is  -.not  perforated  and  does 
not  come  in  direct  contact  with'  the  perforation  interval, 
it®  properties  in  perforated  bore-holes  must  remain  approxi¬ 
mately  the  same .  a©  i-n  imperforated  -bore-holes,- ’for  this  rea¬ 
son,  it  is  possible  to  assume  that  the  limits  of  variation 
£<Sr  rjja  'i®  p#r-fMat9d  .bores  -are  the  same  as  in  the  unperfor- 
ated  ones ,  •' 

Sine©  the  smaller  body  of  data  obtained  from  studies 


by  th©  NA'  Cl  method  did  not  allow  the  cone  tract  ion  of  sepa— 
rate  pci  distributions  according  to  perforated  and  imper¬ 
forated  bore-holes,  it  Is  impossible  to  draw  any  conclusions 
as  regards  any  differences  la  Pci  vaiues  for  the  two  types 
of  bores*  ' 

The  limits  of  |>Ra  aR(*  fc ji  variation  for  strata  of 

differing  fluid  content  examined  ' above  are  being  used  by 
the  enterprises  of  the  Tatnef tagebfizik  trust  in  interpret¬ 
ing  MA:  data. 


Au 


o  *~&2a  JXo . Mb 


Figure  3,  The  Connect  ion  Between  and  kR 


As  is  shown  is  Table  1,  the  values  for  'v  measured 

against  petroleum-bearing  sandstones  vary  within  fairly 
wide  limits  •.  (0—0, 34) «  Such  an  interval  of  values  cannot 

be  ascribed  to  measurement  ©rrcsrs. 

An  attempt  was  made  to  establish  the  correlation 
between  the  values  for  ^  Ra  measured  against  petroleum-bear¬ 
ing  layers  in  imperforated’  bore-holes  and  the  petroleum 
content  coefficient  determined  for  these  layers  with 

the  aid  of  electrometric  data,  ■  v 

Sine©  for  this  or  that  reas cm  (heterogeneity  of  stra¬ 
tum,  lack  of  certain  "data  necessary  for  determining  kR ,  etc.) 
it  was  impossible  to  determine  the-  value  of  for  every 
bore-hole  for  which  MA  measurements  were  available,  the  body 
of  data  used  for  this  particular  study  was  not  extensive. 

hvon  this  meager  data,  however,  indicate®  the  presence 

of  a  single-valued  relationship  between  %  and  k  ,  accord- 

vHa  N 
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i»f  to  electrical  rMistltrit;  measurements-  (ao«  Figure  3) J 
It  tvrcod  out.  to  be  jtosoible  to  ooutruot  a  single-! 
valued  plot  of  the  curve  corresponding  to  th®  variation  of! 


k, 


k 


'Q*  78  to  0«.88 ,  which.  iUbetroteo.  the  presence  of  a  i 


close  oors'eiatSen  between 


val  for  Values 


h* 


Kft. 


and 


0.03 


:g.  (corresponding  intern 

0.  ),  ; 


The  portion  of  the  etsm  for  wluec  -  Of  ks4,0«78  *dsj 

cenatructod  conditionally,  F*r  the  case  k  .  »  0,  th®  most  ! 

*■  a  •>  Ji 

probable  value*  for. in  water-bearing  1  opera  was  chosen*-' 
Tbe.  general  -  configuration  of  the  curve  in  Figure  3 
corresponds  to  the  prevailing  concepts  en  the  character  of 
the  dependence  of...  values  obtained  bp  th®  radiometric  net  held 


on  .the  water  content  of  the  structural  trap*' 

kjj-  .as.  determined  bp  •  electrometric  data  does  not  cor¬ 
respond  to  th®  actual  petroleum  -  content  in  'the -structural 
trap  and  1  s  In  sufficient  error  to  stake  the  curve  merely  a® 
,  Illustration,  which  cannot  be  presently  used  -for  practical 
purposes.. 

it  is  necessary  to  point  out  that  'the  establishment 
of  a  correlation  .between' £  and  k^  for  petroleum-bearing 

' strata  id  impossible  with  present  'teehnigo'es  and  measure— 
raent  methods,  since  the  values  measured  against  these 

strata  do  not  exceed  the  -bouad-ary  limits  (see  the  article 
by  Ye.B.  Blankov  la  the  present  volume).  .  : 


An  analysis  of  the  materials  obtained  by  means  of 
the  HA  Ha  and  Cl  methods  permits'  us  to  make  some  prelimi¬ 
nary  conclusions  ®sj  to  the  effectiveness  of  these  techniques 
in  classifying  Devonian  'Sandstones'  according  to  water  and 
petroleum • content ,  and  to  compare  It  with  'the  effectiveness 
of  th®  HQM  (neutron  gamma-method)' ’’in  solving  the  same  prob¬ 
lem, 

Quantitatively,  .the  .effectiveness  cf  th®  HA  and  NGH 
'methods  in'  classifying'  water-  and  petrol eum-bear i ®g  rocks  * 
eats  be  characterised  by  introducing  the  .concept  of  th®  re¬ 
ceiving  power  for  each  method,  defined  as’  the.  ratio  of  the 

difference  between  the.  most  probable  8>  and  ft  values  ■ 

;  t  »«..  r  Cl 

or  the  relative  XOM  anomaly,  for  water-  and  petro— 

,  T 

'  ■  ■'■  .  •  '  ‘  ■  u 


leum-bearing  strata-,  to  the  sum  of  the  half-widths  of  the 
distributions  for  these-  strata.  The  half-width  of  th©  dis¬ 
tribution  is  here  defined  as  the  difference  between  the  most 
probable  values  for  p 'o#  ^stratum  and  the  values  f  or  these 

^c&vtiby  ' 

quantities  above  which  for  the  petroleum-bearing  strata  and 
below  which  for  the  water-bearing  strata,  lie  not  sore  than 
10%  of  th®  points  (at  levels)*'  " 

With  such  a  definition  of  the  resolving  power,  a  re¬ 
liable  separation  of  water-  and -petroleum-bearing  strata  is 
Characterized  by  a  resolving  power  greater  than  1;  with  a 
resolving- power  less  than  X,  a  reliable  separation  ©£  petro¬ 
leum-  and;  water-bearing  strata  is  impossible. 

Below  we  have  Table  2,  representing  a  comparison  bet¬ 
ween  the  resolving  powers  of  the  of. the  HA  technique  and  the 
,  NGM,  Th©  resolving  power  of  NA  was  in  this  instance'  deter- 


Table  2 


Strata  s ©para ted. 


Unperf orated 

Petroleum.-  and  water- bearing,  ,  , 
Petroleum-bearing  —  internee.. v 
diat®  son©  -f-  water-boaring,  ,  ,  , 
Intermediate  zone  — » 
water-bearing 


Resolving  power 


NGM 


:  N 


m  Ha 


Bore-Holes 

0,0 

0,7 


1,5 

1*1' 

0,5 


Perforated  Bpro-Holes 

Petroleum-  and  fater-b earing, , , | 0,4 
Petroleum-bearing  —  interne-  j 
diet©  gone  -f»  water— bearing,’* •  ♦  I  — 


1,X 


HA  Cl 


0,2 


mined  by  means  of  the  distributions  shown  in  Figures  1  and! 

2,  Data  on  the  resolving  power  .of  th®  NGM  were  taken  from 
the  materials  obtained ’  by  V *  X Gorbunova,  through  an  analy¬ 
sis:  of  the  distributions  of  sandstone  strata  of  varying 
fluid  content  according. to  th©  values  of  £sLl£S.l&&  (Figure  4) 

^eavlty 

as  presented  in  the  report  for  July  1058  of  the  research  team 


2.2 


of  the  Tatnef tsgeof l&ifc  trust. 


Figure.  4,  Resolving'  Rower  of  the-  J«*M  Ketfcod. 


(a> 
Cb> 
A  ^ 


“  Vmperf  ora  tod  boar®"  -holes, 
*  IHtrforated  bov«-hsiM.« 


JT 


e&vity 


1  «  Petroleum-bear  l  ng  sandstone. 
&  s  intermediate  none, 

'3  »  Water-bearing  sandstone. 


it  is  necessary  to  note  that  in  the  case  of  the  .per— 
f orated  bore-holes ,  the  laele  of  HR;  Ha  measurotRento  against’ 
water-bearing  strata  did  .not  allow  a  determination  of  the  • 
resolving  power  for  the  {separation  of  water-  and  petroleum- 
bearing  layarss.,  Because  of  this*  in  order  to  compare  the 
effectiveness  of  the  KA  and  HGM  method®  in  perforated  bore- 
holes ,  the  resolving  power  for  the  separation  of  petroleum- 
bearihg  strata  fro*  the  combination  of  water-bearing  -and 
*oi»"f  (oif-  interned  into )  nones-  was  need  as  given  in  fable  a, 
It  'follows  from  Table  8  that  the  resolving  power  of 
HA  Ha  and  01  in  separating  petroleum-bearing  strata  fr®» 
water-bearing  layer®  or  .from  &  combi nation  of  water-bearing 
and  'intermediate''  none  '  ishd® tones  •  In  greater  'than-  X  both 
for'  perforated  and  imperforated  bore-heles* 

This  corresponds  to  the  fast  that  the  distributions 
for  petroleum*  and  water-bearing-  strata,  and  even  for  -petro- 
1  eum-bear i ag  layers  and  intermediate  nones '  do  not  overlap' 
on 'Figures  1/ and  2,  and  testifies  to.  the  reliable  separation 
of  petroleum-bearing  layers'  by  the  K&.  Ha  and  Cl  methods 


both  for  perforated’  'and  imperforated’  ’bore-hbi'es ■ 

A b  regard  a  the  resolving  power  of  fell#  NA  Ka  and  Cl 
methods  In  separating  Intermediate  mono  sandstones  or  moist¬ 
ure-laden  sandstones  with  residual  petroleum  from  water¬ 
bearing  sandstones ,  It  is  considerably  less  than  1*  Th© 
corresponding  distributions  for  and^  C1  overlap  signi¬ 
ficantly.  The  KA'  Ka-  and  Cl  methods  do  not  permit  an  effect¬ 
ives  separation  of  water-bearing  sandstones  from  intermediate 
rones  or  moisture-laden  sandst6!i$ft-» 

The  resolving  power  of  the  NGM  in  separating  -petro¬ 
leum-  and  water-bearing  sandstones  for  unperforated  bore¬ 
holes  is  -close  to  1  {the  NGM  method  assures  a  satisfactory 
separation  of  petroleum-  and  water-bearing  strata  in  such 
bore-holes) |  however,  it  turns  out  to  be  less  than  th©  re¬ 
solving  power  of  th®  KA  Ha  and  Cl  techniques »• 

In  perforated  bore— hoi ©s ,  th©  resolving  power  of  the 
NGM  is  considerably  less  than  1,  which  testifies  to  the  ex¬ 
tremely  low  effectiveness  of  th©  NGM  in  logging  such  bore¬ 
holes  « 

In  examining  the  problem  of  the  effectiveness  of  KA 
methods  for  estimating  the  wafer  and  petroleum  content  in 
perforated  bore-holes ,  it  is  necessary  to  take  into  account 
several  peculiarities  involved  in  working  with  such  bore—.:; 
holes. 

In  particular,  it  is  necessary  to  allow  for  the  effect 
of  salty  or  fresh  water  penetration  into  th©  stratum  being 
studied  through  the  perforation  interval. 

The  first  phenomenon  occurs  in  gusher  wells  quenched 
with  salt  water  before  pumping ,  as  well  as  in  bore-holes 
with  gushing  ©topped  by  water  in-flows  the  second  Occurs 
after  the  bore  is  washed  out  with  fresh  water. 

Salt-water  penetration  into  the  petroleum-bearing 
layer  in  many  cases  doe©  not  prevent  a  correct  estimate  of 
the  fluid  content  in  the  stratum  'by  the  KA  method.  Thus,  ©ven 
though  the  distributions  shown  on  Figures  I  and  2  wore 'con-  ■ 
structed  on  th©  basis  oft data  'oBtatned  from  both ,  gushing  and 
"water-drenched  bore-holes,  as  well  a®  from  bo-res  tapped  by 
the  pumping  method,  overlapping  of  the  limits  of  f,  variation 
for  petroleum-  and  water-bearing  layers  docs  not  occur  as 
a  result  of  this. 

The  penetration  of  fresh  water  into  a  stratum  satu¬ 
rated  with  mineral -containing  water,  a®  has  been  shown  ex¬ 
perimentally,  has  a  stronger  influence  on  NA  result©:  the 
^Na.  aR<*  $ ci  va*ue®  »ay  *»®  too  low,  thus  giving  rise  to  errors 


in  'interpretation. 


Figure  6.  VNK  Determination  by  the  HA  Cl  Method, 

A  «  Depth*  in  »et#rs, -  . 

B  »  Ohm-metor-ral 111 motor2  (volume  resistivity 'units). 

C  «  Amperes/minuts , 

J>  a  Water-pettbleum  cent  hot  (VNK) »  ■ 

B  «  Millivolts, 

’(&)  «  Boro-hole  No  037  of  the  Pavlovskaya  seotor  (perforated), 
(b)  sj  Bore-hole  Ho  876  of  the  Pavlovskaya  seotor  (control), 

1  •»  Calibration  resistivity  log, 

St'  «  S  *.F>  (Self -Potential  )  log. 

3  a  KGM  log.  .• 

4  ss  Plot  of  variation  with  depth. 


The  differing  effect'  on '  BA  results  produced  by  the 


penetration  of  fresh  water  into  a  stratum  saturated  with 
mineral -containing  water  is  obviously  determined  by  the 
difference  in  the  water  penetrability  of  the  petroleum-  and 
water-bearing  layers. 
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The  effect  protfueed  by  the  penetration  of  fresh- 
late  the  Btratas  ess  be  eliminated  fey  foalHag-* pat 
prior  to  Bticing  the  Kit  studies,  i 

What  was  said  above  concerning-  the  reliable  separation 
©f  water*'  and  petroleum-bearing  layers  'by  the  '  K&  Cl  method.  • 
can  .be  illustrated  by  the  plots  ©£  f*c%.  variation  with  dept'h 
.within  the  limits  of  the  strAtum  toeing  studied-,  os  shown  i!n 
Figaro  8  for  two  bore-holdey-t-eiid'  Af  which  is  the  .control  *tie*e 
(unperff orated)  and  the  other ! is  perforated.  Both  plots  pedmit 
*  sufficiently  reliable  determination  Of  the  location  of  ijhe 
v&ter-petreleum  contact  level  as  the  lower  •  boundary  of  -th«f 
petroleum-bearing  stratum,  which  -  corresponds,  to  the  posit  lion 
of  the  ?KI  that  is  well  'determined,  in ' tho  given  eases  by'  j 
means  Of  the  KGM  log*  (Figure  §>«  ’.-’.  |  • 

It  is  necessary  to"  point '  out '  that  the  determination! 

©f  the  water— petroleum  oentaet  level  fey  mean’s  of  -  Kir  Cl  -dadja  ' 
obtained  frea  Roro-Bale  Mo  787  was  net  hindered  by  tho  fact 
that  it  had  been  quenched  by  salt  water  prior  4®  the  ini  tac¬ 
tion  of  measurement  operations  *  j  - 


B,  JKjBoaiisarlsoa..  o f  Results  Obtained  fev  the  Ufa 
Met  .11  tfc 


One  of.  the  meat  significant  criteria  for  the  of  foot  *4. 
this  or  that  method  for  the  separation  of  reck  I 
structures  according  to  water  or  petroleum  'content. -.is  the  j 
confirmation  of  eenelueiems -.-  a»aWa:;#rOSr'  data':  Obtained  fren  I 
it  by  tho  results  of  actual  here  trials,  ;  :  ......  j 

We  have  at  our  disposal  the  results  ©t  trials  on’  '  I 
11  bore-weiis  which  had  'been  studied  fey  the-  K&  method,  j 
la  eight  of  those,  the  trial  results  fully  confirm-! 
ed  the  oonoiusions  based  ©a  MA  measurements .  Furthermore, .1 


Bout  wells  out  of  these  eight  yielded  water-free  petroleum, 
mm  was  expected  ©a  the  basis  of  Kft  data,  one  fielded  fresh 
water ,  and  the*  rest  turned  out  to  be  infiltrated  -  with  salt' 
water,  '  I 

Three  well#  with  strata  eharaet er i god  as  .petroleum-., 
bearing  by  means  of  RA,  yielded  petroleum  mixed  with  water 
Tot .  there  Be.^neeBseis  for  assuming  that  in  these'  .oases’,  the1 
BA  method .  gave  incorrect'  results insofar  as  the  trial  re¬ 
sult®  depend  no t  ©Ely  ©a  the  fluid  filling.- the  layer  la  tbj» 
perforation  Interval,  but  -also  on  the  quality  ef  underlying 
wafer  insulation,,  vertical  permeability  ef.  tho '  stratum,*  etfc 


*»  particular,  of  .the  t fire©  bora-wells  in  which  the 
trial  results  -did  not  confirm  the  conclusions  based  on  NA, 
one  has  a  perforation  interval  adjacent  to  the  water-bearing 
strati.:®  boundary,  another  has  -  ah  cite  Ions  water  infiltration 
along  permeable  interetf atifl cations  {with  the  top  and  bottom 
of  the  stratum  infiltrated)  which  complicates  insulation,  and 
the  third  bore  had  a  certain  percentage  of  water  fro®  the 
very  start  of  it s  exploitation  despite  the  great  distance 
from  the  perforation  interval  to  the  VNKj  this,  apparently, 
has  to  do  with  poor  cementing., 

*li®  oxtent  of  tests  a©  far  is  wholly  inadequate  for 
making  a  .final  evaluation  of  the  effectiveness  of  NA  in 
perforated  bore-holes. 

Even  at  this  point,  however,  it  is  already  clear  that 
the  HA  method  in  practically  applicable  for  determining  the 
VNK  level  in  imperforated  bores. 

Another  important  confirmation  of  the  geological 
effectiveness  of  the  NA  method  end-  the  objectivity  of  the 
Information  obtained  through  it  may  be  had  by  comparing  the 
.worlc  dene  by  the  NA  method  with  data  from  chemical  analysis 
of  wafers  occuring  under  the  petroleum  layer. 

According  to  chemical  analysis  data,  the  ratio  of 

the  numbers  of  chlorine  and  sodium  ions  BS&L  in  the  stratum 

Cl” 

waters  of  the  Devonian  formations  in  the  southeastern  part 
of  the  Tatar  Republic  fluctuates  from  0,63  to  0,67  (1), 

joC,  According  to  NA  Ha  and  Cl  data,  the  activity  ratio 
varles  **>*•  water-hearing  strata  within  the  interval 

fro®  0,13  to  0,16,  which  values,  taking  into  account  the 
relationship  ©f  effective  cross-sections,  percentage  of 
activated  isotopes . in  the  natural  mixture,  emanation  of 
y —quanta,  etc,  yield  as  estimates  for  the  ratio  of  sodium 
and  chlorine  atoms  values  from  O.fi  to  0,7.  This  is  euff i-  • 

ciently  close  to  the  results  obtained  with  the  aid  of  chemi¬ 
cal  analysis.  4 
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METHOD  OF  DISTINGUISHING  BETWEEN  WATER  AND  OIL  SATURATED 
STRATA  BASED  ON  THE  APPLICATION  OF  A  PULSED 

NEUTRON  SOURCE 

-USSR- 

[Following  3s  tbs  translation  of  an  article 
by  V»G,.  Yerossol imeki y  and  A„8 *  Shkol  *nikow 
in  "Yadercaya  Geofizika**  (Nuclear  Geophysics ) , 

Moscow,,  1959,  pages  837-34S J) 

Introduction'  ■ 

The  neutron  method  of  petroleum  bore-well  logging, 
boils®  used  extensively  in  the  Soviet  Union,  a®  is  known, 
permits  one  to  determine  the  location  of  hydrogen-i illed 
(porous)  layers .  In  order  to  judge  aa  to  the  productiveness 
of  &  given  stratum,  however,  it  is  oeeossary  to  know  what 
sort  of  fluid  is  found  in  the  perev®  spa©©®  of  the  rock 
structure,  I,tcf  whether  these  spaces  contain  water  or  pet- 
rolftUB.  In  a  number  of  cases  this  can  fce  done  by  comparing 
logs  obtained  by  the  neutron  and  electrometric  methods.  As 
a  riile,  a  more  or  less  clear  -  interpretation  ©aa  be  had  only 
for  sandstone®}  with  limestone  or  dolomite  strata  such  a 
comparison  is  practically  Impossible.  It  should  also  be 
pointed  out  that,  as  is  known ,  it  i»  impossible  to  take 
electrometric  measurements  for  based  bore-holes;  for  this  - 
reason ,  the  method  cannot  be  used  to  follow  changes  in  the 
levels  Of  the  strath-filling  fluid  during  exploitation. 

Many  attempts  have  been  made  over  the  last  few  years 
to  develop  the  method  of  determining  the  location  of  the 
water-petroleum  contact  level  in  cased  bore-holes  with  the 
aid  of-  radioactivity  techniques.  Up  to  the  present  time, 
there  has  been  significant  progress  in  this  direction  (3,7) 
although  the  problem  as  a  whole  has  not  as  yet  been  solved. 
Success  has  been  achieved  in  making  satisfactory  demarcations 


&t  the  «aUr*p»tr9l«iii  toat««t  level  within  the'  Units  of.  .1 
'  m  homogeneous  stratum  in  «utt  where  the  water  occurring  - 
;  under  the  petroleum  layer  has  a  kl^h  mineral  eon  test*  Vhe  I 
•  technique  makes  use  •  of  sodium  chloride  preseat  in  the  minef 
\  ral-contai alas  water  and  she eat  fyo®  the  petroleum,  The  pro 
j  ®esce  et  chlorine  ia  the  ■  water  -leads  te  higher  readings 
j  against  the  water-eontainihg  .portions  e*  .the  stratum  as  .  ! 

j  *g»ia*t  these  for  the  petroiejum . hearing'  layers  on  the  neutl 

I  *m*88«*s  1®8«  *J»«  'Opposite  ije  oil# erred '  to  hold  for  the  j 
i  neutron-neutron  method  logs.  ;  •  j 

laboratory  ami  industrial  studies  hare  shown  ’that  •  • 

I  oasos  of  high-mineral  content  in  the  water , (2$t ;  . 

grams/liter) ,  hewevejfc,  the  dif ferenoes  in  the  deviations  I 
,  of  non tr en-gamm «;  and  neutron-neutron  method  logs  against  i 
:  the  water-  and  petroleum-bearing  portions  of  the  stratus  j 
do  net  exceed  ifl-JOf  ia  a  cased  bore-hole  Cl)*,  fhe  effect  j 
;  can  be  inoreased  t©  SCSI*  by  means  of  a  sointi  nation  counted 
I  m.  .  -| 

j  t  Significantly  greater  .effect#  can  be  hod;  only'  -by  the 
.  ®othod  of  we  souring  the  induced  r&dioaeti  vi-ty  of  sodium,  ! 

:  whl«h  ia  ®a* '  ©*  the  salts  dissolved  ia  the  'stratus  waters ,  i 
;  fcy  *•*»*  ®*  *  Y**s  pee  t  rose  ter  (8).  Witt*  such  a-  technique*  1 


■and  with  water  having  a  mineral  content  of  2©0  gra**/liter[ 
th®  meter  indications -for  points  in  the  region  of  water-  I 
petroleua  contact  differ  fey  several,  times, 'This  method,  ! 
however,  requires  aa  irradl at ion  cycle  lasting  several  houya 
arid  measureaent#  at  each  point j  this  makes -it  highly  incon4* 
venient  under  industrial  eonditioss.  .  .-.  J 

■  One  drawback  common  to  >411  of  the  above-ice  ntl oned  .  ■! 
methods  of  determining  the  location  of  the  water-petroleum 1 
contact  level  is  their  insignificant  *penet  mobility**,  The  I 
results  of  the  measurements  are  significantly  affected  by  ! 
b®T®  parameters  (dimensions*  thickness  -of- cement 'lining,  ! 
salt ^ content  in  dement,  presenee  of  boring  fluid,  etc.)  <@L 
Ik  addition  to-  this ,  in  many  oases  'the  .flushing  solution  i 
wil1  penetrate  into  the  poroue  parts  of  tfc©  stratum  ,sad!  ’ ! 
watey  saturation  cones  are  often  formed  under  -  exploitation! 
All  this  limits  the  practical  possibilities  of  the  above-  ! 
mentioned  methods .  -  j 

Frost  what  has  been  said,  it  is  possible  to •  draw  the  * 
conclusion  that  the  problem  of  working  out  effective 'methods 
for  determining  the  nature  of  the  fluid  in'  the  stratum  pores 
remains  timely »  New  methods  must  permit  the  -determination-  .of 
productive  strata,  and  .the  1  coat  ion  -  .of .  .the-,  water-petroleam  - 


contact  level  'With  -.'both. Mgh  ,aa«.  io.v  mineral  content.  _4».  -the 
waters  occurti^g  below  the  petroleum  layer.  It  Is  necessary, 
likewise  to  broach  the  problem  of  quantitative  petroleum 
content  determination  * 

The  Pulsed  M*mtreji.JLoumCJ^ 

_  a  method  based . on  the  measurement  of  the  parameters 
of  a  non—stat ionary  thermal  neutron  field  using  a  pulsed 
neutron  source  (4,7)  seems  to  hold  high  promise  lor  the 
solution  of  a  number  of  problems  listed  above. 

Efforts  have  been  initiated  just  recently  at  the 
Petrology  Institute  of  the  USSR  Academy  of  Sciences  toward 
the  development  of.  a  small  bore-hole  neutron  generator 
functioning  in  a  pulsed  range  fees  Hot©].  Without  examining 
in  the  present  article  the  design  of . such  e  generator,  let 
us  look  into  the  theoretical  background  of  pulsed  measure¬ 
ment  systems  in  general,  [Notes  A  description  of  a  small, 
neutron  tube  for  the  bore-hole  generator  is  given  in  the 
article. by  B.G,  Verozolimskiy ,  t,K,  Bondarenko,  et  al»,  en¬ 
titled  nA  Miniature  Sealed  Neutron  Tube*1  found  in  the  pre¬ 
sent  volume^ e 

Such  systems  Consist . of  .a' pulsed  neutron  generator, 
recording 'apparatus',-  and  control  circuits.  The-  recording 
device  can  bo  any 'type 'of  thermal  neutron  indicators  .a  pro¬ 
portional  counter  filled  with  BFg;  a  photomultiplier  with 

a  boron  compound  coated  scintillator,  or  a  Geiger  counter 
registering-  the  ’f-rays  emitted  in  the  absorption  of  the 
thermal  neutrons  by  the  rook. 

The  neutron  generator-  and  the  recording  system  are 
regulated  by  a  special  circuit  is  such  a  way  that  neutrons 
are  emitted  during  a  period  T ^  and  recorded  over  an  inter¬ 
val  T 3 -  which  starts--  after  waiting  period  T^,  Such  measure¬ 
ment  cycle®  follow' one  another  many  times  each  second,  and 
the  recording  apparatus-  thus  accumulates  information  about 
the  intensify  of  the  thermal  neutron  stream  m  in  the  loca¬ 
tion  of  the  indicator  over  a- .time  interval  following  the 
end  of  the  radiation,  period  T^,..  Varying  the  length  of  T^, 

it  is  possible  to  obtain  the  time-dependent  function  for 
the  density  of  thermal  neutron®  in  the  rook. 
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k,^ 


us-  examine  the  possibilities.®*  the  method  judtj 
1  deecri»»d  by  means  of  an  .approximate  theoretical  analysis  : 
i  ci  the  processes . involved.  j 

\  "  •  ■  ■  _  ‘  i 

I  .  designate  by  fiCt|»t)  the  neutron  density  at  a  j 

?  point  with  radius-vector  ’f'-afjtw  a  time  t  following  the  •  !  ! 
j  ealsnlan  of  neutrons,  then,  thje  differential  equation  desert 
!  *®g  distribution  of  seat taring  thermal  neutrons  has  th4 
for®  (see  ' referenda  source  '2>i  •  i 


^  4 J?  *£“  CL 


\  wh®*®-  B  4 8  neutron  diffusion  coefficient;  A  is:  the  Lapi 

;  lac®  spos’s.terj  q  is  the^ number  of  neutrons  arising  in  the  !' 

,i  medium  per  1  eeatlmeter*/aeeond;  -  and  T  is  the  mean'  life  of! 

.  the  neutrons  in  the  medium-.  I 

Since  the  pulsed  source  emits  neutrons  during  m  relics* 
■timely  brief -time  interval  » .  and  pVaotleally  all  the 

fatst  neutrons  decelerate  over  the  same  time  period  t «,  it  j 
;m&j  b e- assumed  that  the  function  e*  the  distributional  tfcl 
i  q-  sources  differs  from  mero  dnly  during  a  small. time  inter* 

;  Vfti  *<*ual  tc  pi  la  duration.  After  a  time  ^  +  ts  function! 

•  q  —  0*  &-B&  sigmt’iOB  CD  takes  ©n  th.®  form  i 


I"f"  **  JAH  * 

Th@  solution  to  this  equation  for  &  homogeneous 
dium  appear©  in  the  for®? 


Ca>'  ’  i 


ft  Oj C.  "r 


•i .  0 


(FJo) 


.aife*  >t*t  i 

~MTJf;  u) 


where  a^‘,0)  is  the  Initial  distribution  of  thermal  neut- 
JPOns  ia  th®  ®®dium,  proportional  in.  our  ease  to  'the  fune- 

ties  q* 

Is  spherical  coordinates  formula  (3>  can  be  written 
in  the  form  ±  **  *»  */*  ,  • 

u»/c±<t-\~  <2*  iT-Tr  ses.  ^na  r-b "t*) 


mtrc . . $ 


T&'ki  s?&r  th€  fwt  that  for  a  ®‘€it?rG$ 

thermal  $;£ni  t roats  isc&ttfd  at,  th<*.  .origin  of  4h&  ooordijaat^st 


f  tm  ftow ; 


'  and  '  mnttttng  ft  fif*ut  srsms  par  put3.ee*  I  fl  ft* 

'  '  J  *  V 

;  '  ‘  f 

!  have  l»  (a)  that 

i  "ft^  =  j4wW&&- 


|  jtu.'ki ng  tli@  first  derivative  of  the  expression  C6)  " ; 

:  and  sotting  it  equal  -  to  n*x>o,  we  determine  the  time  of  ! 

;  arrival  of  the  t hemal  neutron  wave  maximum  at  the  point  rj* 


■f  SC  ~™:w.  /Jfc«  /  /) 

*”»***  /f  l  { t/  I  4 


C6>  i 


*«*  *  fast  neat r on  point  pulse  soues,  the  initial  | 
distribution  of  thermal  neutrons ' has  a  sufficiently  good  I 
correspondent®  to  the  distribution  of  super thermal,  neutrons 
C5>  and  ©am  hm  represented  in  the  following  way  {initial  j 
energy  of  the  fast  neutrons  is-'-'d  M«v  (million  sleet ron 
volts)  and  r  .*  -whore  1  -is  the  deceleration  parameter  1  s  < 


a)  for  hydrogen-free  media.  Case  reference  S> 


4  if  ^  /4 


nr  6-  s& 


b)  for  water  Csee  reference  1) 


f,’0 


Pi  =.  — & _ a>  t:  * 

;  4,-4”  t‘  +  / 


*w  hydrogen-containing  ae«$a  Csee  referenee  5) 


h(t*c 


73  ^  ^-- 


Substituting  these  formulae  into  expression  <4),  w® 
obtaln»  respectively  t  ..;  - 


'  C%C»t  4- U|)PA- 


(Dtilup  7  cto> 


3® 


Formula  €10)  is  analogous  to  the  oa®  given  in  r©£ mrt’ 
©nee  <0>,  while  for aula  <11)  is  similarly  related  to  those1 
found  is  references  <©>  and  <10)»  ! 


I ermuXa  CIO)  becomes  (s) .  for  time  t  ®u££i“'  i 


Using-  the  asymptotic  eon4» 


eept  embodied  is  th©  [i  «*  erf  Cx>3,  function  we\djm;,#hcwv.  • 
that  formulas  €11)  and  (12)  likewise  beeoKte  f crania  <g>  for 


Thusf  rough  estimate®  of  the  behavior  ©f  the  time—  ? 
dependent  neutron  distribution  function  for  large  t  can  b® 
obtained  with  the-  aid  of  formula®  <8)  and  •{«)• 

m  is  evident  fro®  formula  <«),  the  time  Of  arrival ’ 
of  the  thermal  neutron  we  maximum'  depends  both  en  the 
hydrogen  content  in  the  roek  {through  parameter  »)  and  the: 
mineral  content  of  the  fluid  tilling  the  stratum  (through 
parameter  Y) «  Formula  <S>  show®  that  a®  t  increases,  the  i 
decline  of  the  curve  practically  ©eases  to  depend  on  .»  and  I 
will  basically  be  determined  by  the  exponential  factor  (jr^. 
which  depends  only  on  %, 

beterminlng  according  te  this  decline  of  the  n<rtt) 
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v  H'ii d  having  mo&sit3r&d  t  it  is  possible?.  to  doto^Kiia© 

Tik  -ilVdfe 

parameter  D  from -formula  C6>« 

Thus,  this  saetfcod  affords  >.  means  of  determining  D 
and  'J'  separately  --  something  which  is  impossible  to  do 
by  means  of  stationary  neutron  sources. 

Recalling  that -the  coefficient  of  neutron  diffusion 
basically  depends  on  the  hydrogen  content  of  the  rock  (i#e. 
on  the  petroleum  or  water  content  of  the  stratum),  while 
.the  mean  life  of  the  thermal  neutrons  in  the  layer  is  deter- 
mined  by  the  hydrogen  content  4,  and,  to  a  much  greater  extent, 
by  the  mineralisation  of  the  stratum  water  due  to  its  chlor¬ 
ine  content,  then  this  method  will  obviously  provide  a  tech¬ 
nique  of  solving  problems  on.  the  determination  of  hydrogen-’ 
content  (porosity)  of  the  stratum  and  the  nature  of  the 
fluid  filling  the  layer  (petroleum  or  water) , 

For  purposes  of  illustration,  Figure  1  shows  the 
n(r,t)  curves  constructed  by  means  of  formula  (5)  for  r  - 
IS  centimeters  in  &  homogeneous  sandstone  medium,  of  20% 
porosity  filled  with  petroleum  (curve  1)  or  water  contain¬ 
ing  200  grams /I iter  of . KaCl  (curve  2). 

As  can  be  easily  seen,  for c-  -  5*7  Ji  10"^  •• 

J  petroleum 

seconds  and  ■T  .  ~  2,5  X  10““^  seconds  (i.e. ,  differing 

'water 

by  one-half)  the  difference  in  the  thermal  neutron  densities 
in  the  rocks  will  be  cm  the  order  of  10  after  10”“*  second. 


Figure  1.  Calculated  curve®  showing  the  dependence  of  ther¬ 
mal  neutron  density  on  time  in  a  homogeneous  sandstone  medi¬ 
um  of  20%  porosity. 

A  =  relative  unite;  B  =  microseconds . 

1 . *  Water-filled  sands tone* 

2  *  Sandstone  filled  with  mineral-containing  water  (200 
grassss/liter  ) . 
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Thus,  the  pulsed  method  will  permit,  ue*  according  to' all 
expectations,  to  determine  the  location  of  the  water-petro¬ 
leum  contact  level  by  means  of  greater  effects  (reaching 
several  hundred  percent)  in  cases  involving  stratum  waters 
with  a  high  mineral  content' *  as  well,  as  to  solve  this  prob¬ 
lem  with  less  accuracy  under  conditions  of  medium  and  low 
mineral,  content  in  the  water©  occurring  below  the  petroleum 
layer* 

Also  of  great  importance  is  the  fact  that  as  time  t 
increases ,  the  total  number  of  neutrons  striking  the  indi¬ 
cator  will  be  constituted  to  an  ever  greater  extent  by  neut¬ 
rons  ©merging  from  the  more  distant  depths  of  the  medium. 
Consequently ,  the  slope  of  the  n(r„t>  curve  with  increasing 
t  corresponds  to  the  parameter  '"j-‘  for  layers  lying  an  ever 
greater  distance  from  the  'indicator.  This  means  that  by  in¬ 
creasing  t,  it  is  possible  to  Increase  considerably  the  pene¬ 
trability  of  the  method,  and  perhaps  to  a  great  extent  eli¬ 
minate  the  hindering  effect  of  the  parameter©  for  the  adja¬ 
cent  media  (the  steel  column  and  fluid  in  the  bore  and  cement 
lining).  This  is  further  aided  by  the  fact  that  the  mean 
life  of  thermal  electrons  3“  in  the  neighboring  media  (and  in 
the  bore-hole  itself)  is  considerably  smaller  than  in  the 
rosk  structure. 


Jbcner im@nt al  ©at a 

is  order  to  test  the  validity  of  the  above  supposi¬ 
tions,  a  series  of  experiments  was  conducted  on  rock  strata:, 
models.  The  models  used  are  described  in  <6>* 

The  model  constructed  out  of  a  mixture  of  sand  and 
paraffin  corresponded  to  sandstone  of  20%  porosity  saturated 
with  petrol  mm  f  th©  model  consisting  of  a  mixture  of  sand, 
paraffin,  and  sodium  chloride  corresponded  to  sandstone  of 
the  same  porosity  filled  with  water  containing  200  grams  of 
salt  per  liter.  The  axial  opening  of  each  model  was  fitted 
with  a  steel  easing  column  and  cement  lining;  the  cement 
lining  for  the  water-bearing  sandstone-  model  contained  salts 
Just  as  in  actual  practice  <s>. 

An  accelerating  detiteren" tub©  with  &:  tritium  target 
was  used  as  the  neutron  source*.  Periodically  —  SCO  times 
eaeh  second  —  the  tube  emitted  short  (5  x  lo~6  second) 
bursts  of  neutrons  of  1.4 „ X  million-electron-volt  energies. 
The  thermal  neutrons  were  registered  by  means  ©£  a  propor¬ 
tional  counter  with  BF,^«  Pul a os  from  the  counter  were  fed 
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into  a  1 co-channel  titae  analyser  £*ee'  Mote]  ,  The  dimensions 
of  the  models*,  including  target  and  counter  positions  are 
shown  In  Figure  2. [Note:  The  experiments  were  conducted  at 
the  Physics  Institute  liiieni  Lebedev  of  the  USSR  Academy  of 
sciences,] 


Figure  2,  Diagram  of  the  Experimental  Set-Up, 

1  =  Steel  casing  column, 

2  a  Cement  lining. 

3  -  Rock  duplication  medium, 

4  =  Thermal  neutron  counter, 

5  '=  Target, 

t 


The  results  ©f  measurements  of  the  dependence  of 
thermal  neutron  density  on  time  t  are  shown. in  Figure  3, 

From  these  data  it  follows  that  for  t  »■  800'  microseconds, 
the  indicator  readings  for  the  petroleum-  and  water-contain¬ 
ing  strata  intersected  by  a  dry  bore-hole  differ  from  each' 
other  by  a  factor  of  10.  Although  the  absolute  values  for 
T*petroleum  and  Twater  obtained  in  this  experiment  (approxi¬ 
mately  250  and  150  microseconds,  respectively)  differ  from 
the  calculated  values  <570  and  250  microseconds),  apparently 
due  to  the  relatively  small  sits©  of  the  models  and  the  con¬ 
sequent  neutron  leakage  through  the  walls,  and  also  because 
of  the  effects  of  the  cement  lining  and  steel  casing  tube, 
those  data  are  fully  adequate  for  Making  estimates  of  rela* 
tivo  effects  under  actual  conditions  by  means  of  tho 

and  fUt£te&2je»B  ratios,  : 

water'  ^ water 
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The  counting  speed  i.n  the  salt^fireo  sandstone  model 
(at  a  mean  intensity  of  *^10®  neutrons /second  for  the  stream 
of  fast  neutrons  emitted  by  the  acpeleratorrtube)  after 
t  s=  800  microaeco nde  amounted  to-s&bout  5.  counts  per  minute 
at  a  recording  channel  width  of  10' microseconds  *  Such  a 
counting  speed  makes  it  possible  to  make  continuous  measure** 
Kents  in  bore^hoXes * 


Figure  3#  Experimental  Curves  Showing  the . Dependence  of 
Thermal  Neutron  Densities  on  Time*  Obtained  .From  the  Models 
of  Water**  and  Pot  to  1  eum~Bear i  ng-  Sandstones  Intersected,  by 
Cased  Bore*»Holes  * 

A  -  Relative  units?  B.~  Microseconds* 

1  =s  Petroleum—f illed  sandstone* 

2  ~  Sandstone  filled  with  mineral-containing  water  <200 

grams/lit er } * 

*<****tl,> — — —  r* ‘ r — -tr-nr* ir-rr-  m — rr-tr  r  r  -m-irrr  -iin»<r  r 

ConeJLasion 

MIMJWORKfll-.aiWW .  <!>;/?  W-  jat,  r  4- . 


The  results  of  preliminary  experiments  presented  in 
the  present  article  shew,  first  of  all.  that  the  theoretic  all; 
predicted  differences  in  indicator  readings  as  taken  against 
water*"  and  petroleum-containing  strata  can  actually  be  ob¬ 
tained  under  bore-hole  measurement  conditions* 


Secondly*  the  Analysis  of  the  results  provides  a 
means  of  determining:  the  magnitudes  of  the.  basic  pulsed 
neutron  generator  parameters*  necessary  for  staking  such 
.WUWM,,.,  the  following;  the  nentroe  e„l..i„a 


is  not  It,*®  ihsa  10®  n««t ron e/a acoad  for  pulses  lasting 
100—200  micros aconda  and  sequence  frequency  not  exceeding 
400  cycles  per  second, 

7n  order  to  obtain  precise  quantitative  data  on  the 
possibilities  of  independently  t5.etoriainl.E5g  the  rock  para¬ 
meters  B  and  'fas  examined  in  the  present  article,  and  also 
to  secure  a  considerable  increase  in  the  penetrability  of 
the  tests,  detailed  experiments  are  presently  being  conduct¬ 
ed  at  the  Petrology  Institute  of  the  USSR  Academy  of  Scien¬ 
ces,  using  the  laboratory  neutron  generator  designed  at  this 
Institute  *jT  sea  NoteJ  ,[Not.e:  The  description  of  the  labora¬ 
tory  generator  is  given  in  the  article  entitled  "A  Labora¬ 
tory  Neutron  Generator”  by  B,0*  Yeroaoliraskiy  and  L+P*  Vey- 
ts J k  in  the  present  volume, 
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A  100-KV  HIGH-VOLTAGE  POWER  SUPPLY  FOR 
A  BO BE- WELL  NEUTRON  GENERATOR 

-USSR- 

[Following  is  the  translation  of  an.  article 
by  Bespalov  a nd  A*X..  Khaustow  in  "Yader- 

naya  Geof  issika**  (Nuclear  Geophysics),  Moseew, 
XR 58,  pages  S48  — 380.J 


The  operation  of  the  bore-well  neutron  generator 
accelerator-tube  requires  a  power  supply  capable  of  provid¬ 
ing  a  100-kv  (kilovolt)  voltage  at  currents  of.  up  to  150- 
200  vsicroaiaperes. 

In  view  of  the  conditions  under  which  it  is  to  func¬ 
tion,  the  power  supply  must  conform  to  definite  requirements 
as  regards  its  dimensions *  the  device  must  be  enclosed  in 
a  tube  with  an  outside  diameter  not  exceeding  100  millimeters 
and  about  1  meter  in  length. 

Using  low-frequency  alternating  current  (50-400  cycles 
per  second)  to  feed  the  transformer  of  the  high  voltage  rec¬ 
tifier,  it  is  practically  impossible  to  construct  a  high- 
voltage  power  supply  of  the  required  dimensions,  since  both 
the  transformer  and  th©  filtering  capacitors  would  have  to 
be  large. 

For  this  reason  it  would  be  expedient  to  employ  a 
circuit  with  a  high-frequency  (20-50  kilocycle)  generator  ' 
giving  a  voltage  of  about  10-15  kilovolts  on  the,  high— f re- 
quency  tranfori  aer  secondary,  which  is  then  rectified  and 
undergoes  voltage  multiplication. 

This  type  of  circuit  would  allow  the  use  of  gma.ll- 
capaeitnnce  miniature  condensers  and  miniature  kenotrons « 

The  drawbacks  of  ouch  a  circuit  are  its  relative  complexity 
and  comparatively  low  efficiency.  When  constructed  of  high- 
quality  components,  however,  such  a  po??er  supply  operates 
with  full  reliability,  .without. .  inordinate  power  consumption# 
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Pi gure  I  represents  a  schematic  diagram  for  suefe  a  . 
power  supply,  conceived  and  tested  by  the  authors  at  the 
nuclear  geology  and  geophysics  laboratory  of  the  IISSE  Aca¬ 
demy  of  Sciences  Institute  of  Metrology* 

The  high-frequency  power  supply  unit  is  a  resonance 
power  amplifier  with  external  excitation  £wee  Hotel*  Such  a 
sinusoidal  voltage  generator  is  more  efficient  than  a  pulse 
generator,  The  anode  circuit  of  tb.0  power  supply  includes 
a  high-frequency  transformer  with  both  windings  adjusted  to 
the  working  frequency!  the  capacitance  of  the  secondary 
circuit  consists  of  the  capacitance  of  the  winding  itself 
and  that  of  the  mu! tiplier^cireui  t  component  array#  jjRote: 
External  excitation  is  employed  in  order  to  facilitate  the 
adjustment  and  regulation  of  the  supply  unit;  a  -sell-excit*- 


E  =s  Eight  1T&7S  kenatrons. 

Figure  1*  Schematic  Diagram  of  High-Voltage  Power  Supply. 
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•"  '  Thw  chei«V  *f  operating'  ranges  for  the  power  supply 

Ip  based  on  the  following  considerations,  in  order  to  re¬ 
duce  the  number  of  multiplier  stages  in  the  rectifier  cir¬ 
cuit;  it  is  necessary -to  male©  the  voltage  on  the  transform¬ 
er  secondary  e.s  high  as  possible,  The  maximum  feedback  vol¬ 
tage  for  industrially-produced  miniature  kenotrons ,  however, 
does  not  exeec. d  30  kv  '  Ckilovo.lt®  > ,  and  because  of  this, 
the. rectified  voltage  cannot  be  greater  than  IS  kv.  In  addi¬ 
tion  to  this,  the  ratio  of  the  voltage  over  the  secondary 
circuit  to  t.he  anode  voltage  of  the  generator  is  proportion¬ 
al  to  the  ratio  of  the  capacitances ,  of  the  primary  and  sec¬ 
ondary  circuits.  The  capacitance  of  the  secondary  circuit 
is  the  the  capacitance  of  the  component  array  and  cannot  be 
mad®  smaller  than  the  order  of  tens  of  micromicrofarads  • 

<i»  this  instance  not  less  than  eo  ataf  ) ;  furthermore,  the 
equivalent  resistance  of  the  secondary  circuit  falls  ’as  the 
Capacitance  of  the  primary  circuit  rises.  Thus,  to  obtain  a 
large  output  voltage,  it  is  necessary  to  lower  the  equivalent 
'resistance  of  the  anode  circuit  and  to  employ  low  internal 
resistance  tabes  in  the  amplifier  (such  as  the  ©NSS-typ® 
tubes)  capable  of  operating  on  low  plate  resistances. 

The  capacitance  of  the  primary  circuit  likewise 
affects  the  choice  of  the  operating  frequency.  It  is  exped¬ 
ient  to  .-sake  the  operating  frequency  of  the  generator  as  ■ 
high  at?  possible,  since  this  will  allow  the  use  of  lower- 
capacitance  condensers  of  commensurate! y  smaller  size  in 
the  rectifier.  But  equivalent  resistance  drops  as  the  frequ¬ 
ency  increases  at  a  given  circuit  capacitance.  In  the  pre¬ 
sent  circuit,  a  20-kilooycle  operating  frequency  was  chosen 
for  the  generator. 

The -connection  between  the  circuits  was  advisably 
made  as  strong  as  possible.  For  this  purpose,  the  anode 
winding  carries  e..  large  number  of  windings,  only  a  part  of 

which  (  JL  >  were  included  in  the  anode  circuit  of  the  gene- 
3 

rater.  The  equivalent ’load  resistance  in  this  case  is  about 
400  ohsas  ,  v 

■  At  an  alternating  voltage  amplitude  of  15  kv,  8  uralti- 
*1  stages  are  sufficient  in  the  rectifier* 

The  adjustment  of  the  power  supply  unit'  Is  accomplish¬ 
ed  according  to  the  minimum  plate  current  in  the  output  cas¬ 
cade,,  In  doing  this  ,  the  e&pa&itanne  of  the  plate  (anode) 
j  circuit  ±b  chosen  to  ‘obtain,  thd  greatest  efficiency. 
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A  ~  High-voltage  winding* 

Figure  2,  Standard  Rectifier '  Hookup.* , 


The  standard  voltage-multiplier  rectifier  circuit 
(Figure  2)  if*  of  little  use  in  the  present  case.,  since  the 
component -“array  capacitance  is  that  of  the  secondary  eir-  . 
cult  which  carries ’ the. entire  current  of  this  circuits  thus 
creating  a  large  voltage  drop. on  the  rectifier  capacitors.  . 
For  this  reason  the  voltage  provided  by  the  last  pair  of  , 
kenotrons  comprises  about  half  of  that  provided  by  the  first 
pair,  and  instead  of  an . eight-fold  voltage  rise,  we  have 
only  a  sixfold  voltage  Increase.  More  effective  would  be 
the  connection  of  the  secondary  high-voltage  transformer 
winding  to  the  fourth  multiplier  stage  rather  than  the  first, 
as  shown  on  Figure  1.  In  .this  case,  the  voltages  provided 
by  the'  two  boundary  kenotron  pairs  differ  liitlfe  from  those 
provided  by  the  intermediate  pair®  *  One  drawback  of  the  cir¬ 
cuit  is  the  necessity  for  insulating  the  anode  winding  from 
the  high-voltage  winding  which  is  und&r  a  50-kv  voltage  re¬ 
lative  to  the  chassis  frame*  But  such  a.  degree  of  insulation 
is  quite  easily  achieved  with  the  aid  of  a  S -mi  M.  tee  t  er 
layer -.of  plexiglas-** 

The  rectifier  -uses  1T&7S -type  kenotrons  *  for  which 
the  maximum  feedback  voltage  is  30  kf *  The  kenotron  filaments 
are  supplied  with  a  400-cycle  voltage  from  the  distribution 
transformers *• The  higher  frequency  allowed  a  reduction  of 
filament  transformer’  dimensions # 

The  circuit  is  mounted  on  plearigl&s  discs  in  a  stack¬ 
ed  configuration  and  separated  by  plexlglas  posts.  Since  the 
distanced  between  the  circuit  component®  a re  quite  small, 
the  possibility  of  spark-overs  through  the  air  is  eliminated 
by  placing  the  entire  assembly  in  a  vinyl! t a  jacket  filled 
with  transformer  oil*  The  bottom  of  the  jacket  ha®  an  out¬ 
put  binding  strip#  The  high-voltage  transformer  windings 
are  placed  in  a  solid  glued  carcass  made  of  plexlglas*  The 
secondary  windings  of  tha  kenetron  heater  distribution  tr&sss- 
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farmers  are  similarly  protected. 
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|.  Figure  4.  Dependence  of  Output  Voltage  ©n  Plate  Voltago* 


The  entire  assembly  i®  enclosed  in  a  steel  tub®  which 
increases  the  a.st0©nib!y  capacitance  and  introduces  gignifi** 
cant  losses  into  the  high-frequency  transformer,  ''To  reduce, 
these  losses ,  the  transformer  windings  are  positioned  with 
their  axle  perpendicular  to  that  of  the  tube?  A  copper  screen 
in  the  place  whore  the  windings  are  mounted  also  affords 
eorae  improvement* 

The  high-voltage  power  supply  develops  100  kv  with 
a  600  megohm  load,  i*e« ,  has  a  power  of  about  17  watts. 
Operating  at  this  level,  it  uses  about  200-250  nilliaaperes 


at  370  volts  and  is  approximately  20%  efficient,  The  In** 
ternal  resistance  of  the  power  supply  unit  is  relatively 
low;  because  ©£  this,  the  output  voltage  depends  little  on 
the  load,  while  the  efficiency  rises  with  decreasing  load 
resistance  (Figure  3), 

The  output  voltage  varies  in  direct  proportion  to  the 
plate  voltage  (Figure  4} ,  This  permits  easy  regulation  of 
the  high  output  voltage;  to  obviate  Changes  in  the  output 
voltage  .a®  a  result  of  arbitrary  fluctuations  in  the  plate 
voltage,  however ,  It  is  necessary  to  stabilize  the  latter. 
The  circuit  can  also  be  modified  to  include  a  nega¬ 
tive  feedback  hofokup  to  stabilize  the  output  voltage. 

In  the  future,  the  dimensions  of  the  power  supply 
unit  may  be  reduced. 

This  high-voltage  power  supply  can  fo©  used  success¬ 
fully  for  driving  accelerator  tubes  for  both . bore-well  and 
small-sine  laboratory  neutron  generators. 


A  HI JflATORE  S EAI.EI)  KEUTJROH  TUBE 


-TJSSR- 


{.Foll  owing  is  the  translation  of  an  article 
foj-  B . O ,  lerozolimskiy,  I..N,  Bondarenko ,  L,P. 
Voytsik,  Yu.S ,  Shime-.levi cfe,  and  L.X,  Yudin 
In  “Y&dernaya  Geofissika”  (Huclear  Geophysics), 
Moscow,  ItS®,  pages  331-355.*} 


axperlmontal  studies  conducted  for  the  purpose  of 
examining  the  possibilities  of  designing  a- miniature  neutron 
genet acor  intended  %'ot  use  in.  bore** well  logging  were  ini** 
tinted  at  th©  Petrology  Institute  of  the  USSB  Academy  of 
Sciences  in  1957, 

ihe  central  component  in  a  neutron  generator  is  the 
ionic  accelerator  tube,  A  choice  of  design  for  this  device 
basically  determines  the . solutions ’ to  a  whole  oeiles  of 
technical,  problems  involved  in  the  development  of  a  minia¬ 
ture  bore-hole  .neutron  generator. 


A  schematic  diagram  of  the  described  tube  is  shown  in 
f  igure  -1. 
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Electrons  emitted  by  the  heated  tungsten  cathode  1 
are  accelerated  hf  the  cylindrical  &n©d@  2  arid  user®  through 
it  along  spiral  paths  as  a  result  ef  the  longitudinal  mag¬ 
netic  field  H  set  up  by  coil.  4  which  carries  direct  current* 
If  a  negative  potential  V3  relative  to  the  cathode  : 

is  applied  to  electrode  3,  then  prior  to  reaching  cylinder" 
2?  the  electrons  will  be  Reflected,  thus  vibrating  within 
the  cylinder  and  thereby  ioni-aihg  the  gas  which  fills  the 
tube.  The  positively-charged  ions,  pulled  in  by  -the '  field  ©j 
electrode  3  and  accelerated  up  to  energy  strike  a  far- 
get  located  within  electrode  3, 

Thus ,  the  design  shews  on  Figure  1  represents  a 
simple  combination  of  ft'  vUimtlmg'.'eisctron— discharge 1  ion 
source  with  an  accelerator  tube  having  a  singe  acceleration 
gap, 

A  careful  examination  ©f  the  design  revealed,  bo we vs 3 
that  it  was  capable  of  performing  yet  another  function  — 
namely,  that  of  a  high-voltage  kenotron  which  could  b<p  used 
to  double  the  accelerating  voltage. 


Figure  2.  Schematic  Diagram  of  Voltage-Doubling  Circuit  in 
Sealed  Neutron  Tub®, 

A  “  High-voltage  transformer . 

B  =  Circuit  voltage, 

1  -  Heated  tungsten  cathode, 

2  —  Cylindrical  anode, 

3  =, Electrode  with  target . 

4  =  Cun  which  sets  up  longitudinal  magnetic  field. 
v2~  Cylindrical - anode  potential'  current  source. 

Tungsten  cathode  heating-current  .source. 

C  -  Capacitance* 

Actually,  even  if  just  a.  small  positive  voltage  is 
applied  to  electrode  3,  then  the  electrons  will  cease  to  be 
reflected,  th©  vibrational  character  of  their  motion  will 


48 


stop,  tbt  eleetm  current  will  flow  toward  *'‘eotrodte  3, 

which  is  this.  cas«  will '  play  the  role  of  anode,  as  in  the 
•'standard  .kenotron. 

Ths  simplest  electronic  circuit  employing  above- 

joenti’ci/jtci  ictati? nation  of  ionic  acceleration  tulra  and  high- 

volt  ago  kimotro©  functions',  is  illustrated  in  Figure  2> 

This  i 4  the  usual  voltage-doubling  circuit  waking 

.us*  i-'J  fw2<!i'fjnn*  C  and  the  kenotronj  the  role  of  the  latter 

it?  played  bp  -che  tube  itself.  If  the  magnitude  of  the  ionic 

current  J  ia  the  tube  (with  electrode  3  negative!  is 
•ion  • 


smaller  than  the  electron  current  Jf  ^  at  electrode  3  (with 


elect re do  3  positive)*  then  the  capacitance  C  will  receive 
a  charge  practically  equal  to  the  amplltudin&l  value  of  the 
voltage,  u  across  the  secondary  winding  of  the-  high-voltage 
transformer  ^aJ  s  ami  the  voltage  across  electrode  3  will 
pulse  frost  a  small  positive,  down  to  an  almost  double  nega¬ 
tive  vs  Sue  (Figure  3), 


Figure  3.  Plot  of  Potentials  and  Currents  Across,  Electrode 
and  Target  3  an  They  bet- end  on  Time. 


Ac  this  happens ,  as  ©an  be  seen  from  the  diagram  for 
current  J3  flowing  toward,  electrode  3,  the  ionic  current 


will  flow  almost  continuously,  while  the  electron-  current 
will  flow  only  during  those  relatively  short  time  intervals 
when  potential  V g  is  positive. 


It  is  inadvisable ,  however ,  ‘to  have  the  ionic  current 
flov/j iKg  toward  the  target  while  potential  V„  is  considerably 
entailer  than  uaxiauE ,  since  this  will  not  increase  th®  emis¬ 
sion  of  neutrons  and  will  create  an  excessive  load  b&th 
across  the  transformer  and  the  target.  For  this  reason,  the 
direct -current  voltage  supply  {Figure  2)  is  replaced  in 

the  circuit  with  a  special  pul  he  gehrator  which  is  synchro*?* 
niaed  with  the  al t  ernat i n  g  -  eu r  r  4nt  voltage  across  th®  trans¬ 
former-  in  such  a-  way  that  its  positive  pulses  fed  to  cylin- 
de.r^2  induce  the  appearance  of  electron  and  ionic  flow  only 
during  shert  time  intervals  close  to  the  moments  of  maxima 
for  voltage  Vg  (Figure-  4). 


Figure  4.  Plot  of  Potentials  and  Currents  Across  Electrode 
and  Target  S  Against  Time  With  the  Inclusion  in  the  Circuit 

Generator  Across  the  Cylindrical  Anode.- 
*'  "  J  electron?  -K  ”  Tion.  ■ 

_ _ _ 


■  _  Ae  ®fy  *e  **«*»  **«»  Figure  4,  the  ionic  current  flows 
©r,..„y  at  such  times  when  the  voltage  across  electrode  3  is 
close  to  its  maximum  negative  value  (and  is  practically 
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equal  -to  dcuVla  the  '  amy >X'i tudi rial  voltage  -  acr-ow  tfcb  t?ans- 
foraork  ' 

nil’  tr.be  design  Just  described  is  esf.t  tamely  corvsd" 
£«nt"  ,fov  tb  •-:■*  ptirnc.se  of  constructing  a  '  bore-hole  sew nr ©a 
genera- tcv ,  as  the  high— v©X tags  geurce,  t:c-.€i  trans.- 

fo-tM.-sr,  <sr.r.  tv  need  without  a 'separate  kenctroa  lor  doubl¬ 
ing  the  ViVltag'fc « 

•lallows;  fro®  the  description,  'the  coerati;?*?  'cyel'e 
fev  vwtYx  •*.♦*  era fcor-tube  4®  of  a  pulse  type  ’'lib  pulse 

duratirr,; ’J'V  .  determined  by  the  pulse  generator;  tin?  s^quen- 

J  4L  ' 

.tial  frequency  of  the  pulses  is  equal  to  the  frequency  of 
the  alt  or sat Ang-cttrrent  voltage  across  the  transformer* - 

va  t?ae  .prototype  -  of .  the  tube  which  was  actually  con- 
'.  s t^u-uted ,  the  .working  voltage  was.  chosen  as  100-120  lev.  The 
operation  of  the  tube  consequently  requires  a.  transformer 
with  a  60  kv  peak  voltage.  Such  a  transformer  was  construct¬ 
ed  to  fit  into  a  tube  having  a  diameter  ►vlOO  millimeters. . 

The  target  in  the  tube  was  mad©  of  tritium-impreg- 
:  sated  zirconium | ,  the  tub©  contained,  deuterium  under  e.  presr 
.sure  of  5 •SO*’4  millimeters  of  mercury , 

Under  such  a  pressure  the  gap  between  cylinder  2  add 
:  electrode  -3,  which  is  on  the  -  order  of  several  centimeters, 

.  is  able  i©  withstand  a',  voltage  .of  up  to  150  fcv. 

The  magnitude  of  the-  ionic  current,  which  may  .be  ob¬ 
tained  in  a  tube  ©f  the  described  design  at  &  pressure  of 
.3~5  X  10" 4  millimeter®  of  mercury,  reaches  several  mill!-, 
amperes ;  the  neutron  output  may. be .as  high  as  10?  neutrons/ 

-  second. 

Optimum  current  values  were  obtained  by  a  'proper 
choice  of  length  and  diameter-  for  cylinder  2,  as  well  as  of 
a.  power,  supply  operating  range,  1 «  e. »  th©  magnitude  of  the 
magnetic  field  H,  the  cathode  emission  current,  and  the 
puls©  voltage  amplitude  VF  across  the  cylinder. 

One  of  the  important'  problems  involved  in  designing 
.  a  bore-hole  neutron  generator  is  that  of  maintaining  the 
;  proper  pressure  in  the  tube. 

in  -  the  initial  stage  of  work  on  the  project.  A, 8 ,  • 

..  Sbkol’nlkov,  research,  fellow  (aspirant)  at  the  Petrology 
Institute  completed  a  detailed  study  of  the  various  possible 
■  evacuation  systems  which  could  be  used  in  a  deep  bore— hole 
app&rati;s. 

In  particular,  good  results  were  obtained  with  a  email 


diffusion  pump  featuring  a  trap  and  semiconductor  cooling* 

The  main  attention  in  this  study  was  devoted,  however,  to 
rarefaction  with  the  aid'  of  heated  titanium  wire  samples. 

It  is  also,  necess&ry  to  point  out  that  t>h®  tubs.  . 
design  described  above  incorporates  an . equal  gas  pressure  mt 
all  interior  points  in  the  tube  (both  in  the  acceleration 
gap  ami  the  lou  source)  |  this,  eliminate®  the  . 

ga.gr  in  the  tube¥  which  neccss-Hri If  -occurs"  In  standard-  neutron 
generators  where  gas  pressure:  at.  the  source  must  be  10 
-  10**^  millimeters  of  mercury,  to  a  significant  degree* 

The  absence  of  intense  gas  leakage  naturally  sii&pli** 
fies  the  problem  of  maintaining  the  correct  pressure  in  the 
tube* 

It  turned  out  that  in'  a'  well-evacuated  and.  sealed..: gas 
tube  in  which  all  electrodes,  except,  of  course,  the  target, 
arc  also  well  deg&slfied*  the  vacuum  gradually  ±mpr&%*BB  dur¬ 
ing  operation  (i*e#v  the  tube  becomes  ^tiafted*1)  as  a  result 
of  the  ionic  evacuation  mechanism* 

Even  pressure  depend©  on  the  working  temperature  of 
the  tube,  as  well  as  on  the  operating  range  (the  mean  mag¬ 
nitude  of  the  ionic  currant  and  the  energy  of  the  accelerat¬ 
ed  ions),  although  as  a.  rule  if  is  several  times  smaller 
than  is- required;  This  is  why  a  titanium  wire  spiral  impreg¬ 
nated  with  deuterium  is  welded  on  inside  the  tube  (labeled 
5  in  Figure  1),  ■  ■  ' 

Heating  the  spiral  to  a.  given  temperature  '(by  adjust¬ 
ing  the  current  passed  through  it),  it  is  possible  to  maiaf: 
tain  the  required  deuterium  pressure  in  the  interior  of  the 
tube® ' 

The  method  hero  employed  is  analogous  to  the  method 
of  maintaining  the  working  gas  pressure  in  hydrogen  thyrs— 

t  TOTiB  * 
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